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deajtK,of^tbe,a^tho^,oC.the  jgrie^tpr  jp^t  9fol^e 
.  following  ^E^ays,  a^|)^rJQfl.pffitpe  ^Iw^^ 
product  or  qompleted  ^Pjbe  pf  tiie,nipj(l  Ijgj^jl 
revoluypn?,  levpr  cxpcfippced  -  by;  4he„fcicppei/pf 
cheipiftiy.  \  ThaX^Hy ,^T^on,  pit^t^e ,  l^^ptjggs 

apd  after  To., pfp^^ai^,  ^a  intcryaJ,,  ^e  ,^^5^ 
prefcnttd  ^0  th^,p«b)ic  iajy^^^joa^mf  y^^  |^ 

.pofed  to..;n|*quire.ronie  e^plaoatipm  It  pi^- 
haps  cannot  Wfsll  be^dcnied  that,Mf;l;i^t9Vfr  it^ 
now  Tight. to  putjUfh*  ,\if9^1d  iia^vo  bfeo  ^,<^ttfr 

.  fo  done  .at  a,,  wore ;  ^^riy  .period.  .  J^ut,4J^.jfs 
.pnly  true  .with  'the,  ^dmiffion.tha^,fMch  a.p^ 
qeeding  could  have  heen  adopted,  with  cq^l 
pr  grcAter.  convenience  than  at  any  fubfequegt 


opportunity.  The  manufcripts  of  Dr.  Irvine, 
however,  were  not  by  any  means  in  fuch  a 
lituation  as  to  admit  of  immediate  publication. 
A  few  eflays,  it  is  true,  might  have  been  con>- 
mittcd  to  the  prefs  without  much  correftion. 
But  in  a  work  of  this  kind  the  public  has  a 
right  to  expeft,  and  will  unqueftionably  de- 
mand a  more  ample  account  of  the  experi- 
ments and  theory  of  Dr.  Irvine  than  has  hi- 
therto been  afforded.  Such  an  account,  how- 
ever, could  by  no  means  have  been  compiled 
from  any  manufcripts  in  my  poffeflion.  Thefe, 
every  where  incomplete,  would  have  left  large 
intervals,  the  filling  up  of  which  would  have 
exercifed  the  patience,  and  have  tried  the 
knowledge  of  the  editor.  For  fuch  an  ofEce^^ 
not  only  a  confiderable  acquaintance  with  the 
fcience  of  heat  would  have  been  required,  but 
an  adequate  portion  of  cnthufiafm  and  of  in. 
tcrcll  to  have  fmoothed  the  diffic  ultics  of  the 
way.  The  bufmefs  of  an  editor  include* 
much  labour,  much  refponfibility,  and  little 
reward  either  in  fame  or  emolument.  If  neg- 
ligences appear,  they  are  imputed  to  his  want 
of  care;  if  obfcurities,  interlineations,  and  per- j 
plexing  difarrangement  obftruft  his  way,  it  is, 
Ljo  make   a  road  through  the 
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[  ,'wiMernefs ;    of    meric  alone  be  obtains    no 
I  ^^re,  or  the  fcaaty  approbation  of  unwearied 

.In  g^nnaU  :n<»  d<)ubt,  poAbui9GU»  woiric* 
fiiould  not  be  longer  delayed  (h&n  the  indif- 
penfable  attention  to  corrcftnet  &nd  pto^ 
pricty  demanHs.  But  I  believe  in  the  pr^feat 
cafe  it  will  fcafcely  be  denied  that  fome.fuiv 
ther  delay  was  neceflary.  For  any  complete 
account  of  the  philofophical  fpecidatioiis  arid 
experiments  of  my  father,  he  who  might  have 
undertaken  the  publication  would  have  looked 
in  vain  amongft  his  manufcripts.  The  hiatus 
muft  therefore  have  been  fupplied  by  hisrOWP 
exertions,  imperfectly  adifled  by  a  few  (hqrt 
and  indiftinft  references  to  the  fubje^  of  his 
refearchcs.  When  the  difficuUie*  are  fo  C09- 
fiderable,  perhaps  unilfual  motives  are  nece/*- 
(ary  to  Simulate  the  induflry  of  the  edilOf. 
Some  tinfturc  ofenthufiafm,  combined  with  a 
competent  knowledge  of  the  fubjcfl,  might 
perhaps  be  accounted  fufHcient  for  the  talk. 
t^The  firft  of  thefe  qualifications  may  naturally 
,-,bc  expefled  in  a  fon  who  treats  of  his  faiher's 
labours.  Whether  I  do  or  do  not  poflcfit  the  hfl 
it  is  not  for  mc  to  judge. 

It  has  not  been,   however.  uHthout  much 


k 
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tmxiety  aiid  f0^c!ta<]e  that  I  have  vettturtx)  td 
iiBiier  into  public  view  any  poitioh  of  tftfe 
writings  of  my  late  father.  In  undertaking  iJiih 
duty  it  has  been  my  objeft  to  explain  and 
defend  his  difcovcries  and  theories,  as  far  ait 
leaft  as  is  conGftent  with  candour  and  found 
philofophy.  Many  of  thefe  have  already 
found  their  way  to  light,  and  I  believe  I  am 
not  mifled  by  that  partiality  fo  natural  to  my 
fituation,  when  I  add  that  they  have  conferred 
a  confiderable  reputation  upon  their  author. 
'He  has  never,  however,  but  from  his  pro- 
feflbrial  chair,  had  the  advantage  of  ft&tJng  his 
own  opinions.  This  was  undoubtedly  a  vto- 
■laniary  proceeding  on  his  part.  But  tie 
'trufted  for  the  promulgation  of  his  doflrihei 
-ft>  teaching  them  ;  a  mode  which  ahiple  ex- 
perience has  fliewn  to  be  at  once  injurious  to 
-  the  claims  of  the '  inventor  and  to  the  progress 
of  fcience. 

It  appears  to  me,  fince  the  followirig 
Eflkys  were  not  edited  immediately  after  the 
,  death  of  Dr.  Irvine,  that  the  prefent  is  a  fa- 
yoW^ble  moment,  after  the  publication  of  Dr. 
^^Bl&ck.*«  Leftures,  whofe  experiments  and  doc- 
trines are  fo  nearly  connefled  with  fome  bf 
'  thofe  contained  inthij  work,  and  who  was  the 
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immedtate  precurfor  of  my  father  in'tlieiti\isfi^ 

^ttOD  of  the  nature  of  heat.    Every   ooc  «f 

inventors  of  the  modem  theories  of  heaf> 

:ccpting  only  Dr.  Irvine,  has  obtained,  either 

from  his  own  labours  or  from  thofe  ofa  polthu- 

«inous  editor,  an  opportunity  of  explaining  and 

-defending  hlsown  opioiona'.  But  indepcndeotly 

:of  this  circumftance,  the  theory  of  my  fither 

llia^  aBForded  a  fuhjed  of  confiderabledifcullioa 

to  the  philofophical  clicmtfls.     Nor  has  it  been 

expofed  to  this  fcrutir.y  without  Itaving  eo- 

countered  mariy  and  Various  objefUons  from 

-different  auiliors.     On  the  other  liand,  I  Jiiiqw 

if  no  author  who  has  takep  Co  hjmlejf  the-  ij&Cc 

,W>f  examining  all  thefe  obje^ions  iq.^  fair  add 

candid  manner.    Pechaps  theo.  it  wiU  notr^p- 

pear  an  extraordinary  thing  that  fuch  a  work 

as  the  followidg  fhoald  be  undertaken, .  oor  that 

the  execution  of  it  fliouldfall  toiny  (hare,  con- 

ne6led  as  1  am  by  (he  tics  of  nature  to  the 

autlior  of  the  theory  of  which  it  chiefly  treats. 

In  purfuing  fuch  a  plan,  I  have  rbelievexiit 

i^iieceflary  to  deviate  conCderably  from  my  ori- 

^teinal  deGgn.     I  had,  at  firQ,  propofed  to  have 

,Jele£led,  frOm  the  manufcripts  of  Dr.  Irvine, 

^whatever  was  in  a'complete  ftate  regarding-lhc 

(ubjeE  of  heat.   The  illuitratiom,  tl^e  cl^efiMs, 


I 
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and  the  additions,  were  intended  to  have  O0M 
cupied  the  place  of  notes,  which  might  be  r^l 
ferred  to  at  the  end  of  the  volume.     One 
guraent  againQ  this  proceeding  arofe  from  Uie 
inconvenience  of  a  frequent  reference  to  long 
annotations,  by   which   the  train  of  ideas  is 
greatJy  interrupted,  and  the  fubjeft  after  all  is 
inadequately  explained.    But  another  and  more 
powerful  objeflion  originated  in  the  ftaie  on 
tny  father's  manufcripts,  none  of  which,  ex-  i 
cepting  only  a  very  few  eflays^were  at  all  com- 
plete,  or  in   any  refpeft  fit  for  publication. 
That  part  of  his  chemical  ledures  which  treat*  J 
ed  upon  heat,  where  it  was  reafonable  to  havcV 
looked  for  the  fullefl  information,  was  totally 
barren,  and  confifled  only  of  heads  and  re. 
fcrcnces,  in  which  his  own  peculiar  opinion* 
were  not  at  all  detailed,  and  even  hardly  mention* 
ed.     In  thefe  circumflances  I  adopted  the  plaa; 
of  prefixing  a  few  eflays  of  my  own  compofitioa,' 
in  which,  to  the  beft  of  my  power,  I  (hould  ia*: 
troduce  the  fubjefl,  endeavour  to  explain  th^. 
doftrine  of  capacities,  and  the  important  infis-. 
rences  to  which  it  has  led,  and  to  fubjoin  an 
aofwer  to  fuch  objeftions,  from-  theory  or  ex- 
periment. 81  I  know  to  have  been  hitherto 
made  to  it.    It  may,  at  firft  fight,  appear  to 
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foroe  fiitirige  and  even  indecorous,  that  I  (hould 
have  given  the  firft  place  to  the  eflays  of  my 
own  writing :  but  I  hope  this  will  not  be  at« 
tributed  to  any  in>proper  feelings  upon  my 
part,  but  to  the  nature  of  the  fubjeft,  which 
required  that  the  Copies  explained  in  my  eifays 
ifaould  precede  the  reft. 

I  have,  according  to  the  views  now  men- 
tioned, divided  the  following  work  inta  three 
parts.     In  the  firft  of  thele,  1  have  endeavduf- 
ed  to  give  an  ample  and  accurate  account  of 
'Dr.  Irvine's  fpeculatidtis  upon  heat  f » in  the 
lecoiid,  Ihave  placed  firch  of  his -wrikMgs  Ss 
^^ppeitcd  to  me  to  aWiAit  of  publication:  ih  the 
third  of  thefe  divifions;,  I  have  ventured  toadd 
-  a  very  Tew  eflaysi  for  the  matter  and  compofi- 
'  tion  of  which  I  am  myfelf  folely  refponfible. 
The  firft  part  contains  four  effays.     In  thefe 
1  have  detailed  every  faft  and  every' argument 
with -which  I  am  acquainted,  either  favouring 
or  oppofing  the  doftrine  of  capacities.     If  I 
have  occafionally  digrcfTed  a  Httlc  from  the 
main  objeft  of  thefe  Eflay  s,  and  hazarded  fome 
ftbfervations  upon  parts  of  the  theory  of  heat, 
which  are  not  immediately  connefted  with  the 
fubjeft  of  our  inquiries,  I  hope  for  my  ex- 
cufe  in  the  candour  of  the  fcientific  reader,  who 


I 
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cannot  but  be  aware  how  alluring  the  regtoBs 
of  imagination  appear  amidit  the  more  folid 
but  lefs  attraftive  details  of  fafts.  In  fome  in- 
. fiances  I  have  made,  what  appeared  to  me  to 
pbe  needful  additions;  and  it  has  been  my  aim, 
in  all  places,  to  defend  the  theory  from  thofe 
errors  and  inconfiftencies  with  which  it  has  been 
charged,  and  which,  it  will  be  readily  obferved, 
have,  in  my  opinion,  never  exifted,  but  in  the 
minds  of  thofe  who  have  taken  a  falfe  or  partial 
view  of  the  fubjeft. 

It  may,  perhaps,  be  looked  upon  by  many 
as  a  talk  of  no  confiderable  difficulty  to  collate 
.  the  doctrines  of  a  philofopher,  to  whofe  writings 
I  have  had  the  moft  uiweftrained  accefs  ;  apd 
this  would  have  been  perfeftlyjufl:,  provided 
thefe  writings  had  been  fully  expreffed,  or  had 
not  been  almoft  always  totally  filent  on  the 
fubjefts  of  which  I  have  treated.  Had  any 
fuch  diftinft  ilatement  appeared  amongft  the 
manufcripts  of  my  father,  I  ftiould  have  been 
far  from  prefuming  to  replace,  by  compofitions 
of  my  own,  any  illuftrations  which  he  might 
have  given  of  peculiar,  dubious,  or  intriute 
points.  But,  unfortunately,  there  has  been  no 
alternative,  between  paffing  over  the  fubjeft  in 
filcnce,  and  alTuraing  to  myfclf  the  talk  of  ex- 
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phiniog.  ic    I  am  awaire  that  I  ought  to  fufpcfil 
myfelF  of  prejudice  upon  thefe  topics  ;  nor  am 
J- in  any  reiped  afliamed  to  own  my-fctlings  of 
partiality.     But  after  making  every  allo¥ranecf 
fiMT.tbis,  I  ftill  tbink  that  the  theory  of  hcal^ 
projpofed  by  JDr.  Irvine  ic  in  its  own  nature  lb 
curious^  as  to  dererve*  and  to  require  a  fuller 
explanation  than  it  has  hitherto  received.  This 
it  pecoliarly  true  with  reference  to  its  elemetii' 
ttiry   points.    Befides  which  it  has  been  fre< 
quently:,«andnotmildly9  attacked^  yet  fcarcfrljf^ 
ever  defended  fek<  a  confiderable  number  of 
years.    It  ib  not  to  be  inferred  from  thb  that 
the  theory  has  been  abandoned  by  thechemicri 
philcfophers  of  the  day.     To  demonftrate  tht 
reverie  of  that^  I  have  only  to  mention  the  ini 
genions  treatifes  of  Profeflbr  Leflte,  of  Mr; 
Nicholfon,  and  of  Mr.    Morray.    But  theiS 
gentlemeri,  contented  with  explaining  or  adopN 
ing  the  theory  i  19  ai  gteneral  way,  have  not  en* 
attred  ia  mmntely  into  detaife«  which  indeed 
vriDtiki  have  beet)  inconflft^nt  with  the  plans  of 
thek  ^lotte-}  nqr  hdte  ^flkef  attempted  to  folkiw 
aHtheofajefUodi^fd^  prtft^ing  andeontempol 
riry  writers,  tb<i  iAftiSdeqcy  of  which  it  has 
been  my  endtfavonr  tb  point  out. 
Tberi}  were  other  |Mim^0f  the  fcience  of  heat 
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bcHdes  thofe  immediately  neceflary  to  the  fup- 
port  of  his  theory,  which  had  atlrafted  the  at- 
tention of  Dr.  Irvine.  Wherever  I  have  be- 
come acquainted  with  any  obfervations  or  ex- 
periments of  his  upon  iliefe  fubjefls,  I  have 
taken  an  opportunity  of  introducing  a  notice 
of  ihera  in  thefe  preliminary  efiays. 

The  fecond  part  of  the  following  work  is 
compofedof  eflays  written  by  Dr.  Irvine,  and 
which  were  many  of  them  read,  and  all  of  them 
intended  to  be  read,  before  the  "  Literary  So- 
ciety of  Glafgow,"  between  the  years  17*^  and 
1784.  Each  elfay  is  marked  by  its  peculiar 
^te  wlierever  I  have  been  able  to  afcertain  that 
point,  bince  the  period  at  which  they  were 
compofed,  the  changes  in  the  fcience  of  che- 
miftry  have  been  immenfe,  and  altogether 
■ftoailhing.  That  branch  of  knowledge  has 
advanced  with  gigantic  ftridcs,  and  has  reared 
it£  head  to  a  height  which  the  boldefl:  fpecu- 
iator  could  not  have  forefeen  or  expefled.  In 
thefe  Effays,  however,  1  hope  little  will  be 
found  inconfillent  with  the  prelent  (late  of 
chemiftry.,  1  have,  in  general,  wheiie  altera 
tions  have  taken  place,  marked  them  in  lj 
piargin;  at  leaft,  where  they  appeared  to 
j^  fu^cient  importance,  or  at  all  likely 


miflead.  It  ought  not  to  be  expefted,  how- 
ever, that  efTays  brought  forward  under  the 
prcfent  ci  re  urn  (lances  fhould  contain,  or  be 
made  to  contain  the  more  recent  improve- 
ments. In  felefting  them  from  the  manu- 
fcripts  of  Dr.  Irvine,  1  have  been  guided  by 
different  principles.  It  appeared  tome,  where- 
ever  I  couid  find  any  complete  effay  regard- 
ing heat,  in  which  peculiar  dodrines  were 
maintained,  that  fuch  an  effay  would  be  ac- 
ceptable to  the  public,  though  tliey  mayaiready 
be  in  pofTeffion  of  the  principal  fa6is  contained 
in  it.  There  is  always  a  defirc  to  underflaod 
the  terms  and  method  employed  by  any  difco- 
vcrer  or  inventor  of  theories. 

I  have  aifo  added  to  the  collcciion  all  the 
tra&s  in  which  any  new  principles  or  fafts  are 
announced,  of  which  the  public  are  not  in  poC- 
fclSon.  In  general  1  have  offered  to  the 
world  whatever  I  have  found  amongft  the 
manufcripts  of  Dr.  Irvine  which  appeared  lo 
mcepiion  to  contain  novelty,  or  to  be 
rcated  with  peculiar  ingenuity  or  propriety, 
rjn  thefe  procedures  I  have  been  guided  almoft 
tirely  by  my  own  judgment  and  tafte.  The 
ttndour  of  the  public,  therefore,  will  not  fail 
kidire^l  that  cenfure  vbich  it  may/tfatnlt  piXK 
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per  to  adjudge  into  its  proper  channel,  if  in  tin 
refpeft  there  fhall  appear  jufl  caufe  for  cenfurq 


Ifcwili  not  be  difficult  for  an  accurate  obfe; 
to.perceive  that  none  of  thefe  EfTays  were  cv< 
intended  for  the  preJs.  It  would  be  unfain 
therefore,  to  attribute  to  their  author  any  oth<B 
inaccuracies  than  thofe  of  reafoning  ;  and  evf~^ 
o£them,  where  they  exift,  it  cannot  bedoubu 
that  the  hand  of  the  original  compofer  coi^ 
have  e^tinguifhed  or  abridged  the  numboq; 
Where  I  have  been  able,  I  have  added  thq 
ciotrcftions  which  appeared  to  me  needfuU' 
But  I  am  rclu6lant  that  thofe  blemilhes  which 
nay  have  cfcaped  my  diligence  or  eluded  mj^  j 
obfervation  (hould  occafion  cenfure  to  any 
other  than  their  editor. 

UpcHi  the  whole,  however,  the  very  defigfl; 
of  publication  (hews,  on  my  part,  a  convic*. 
tion  of  a  different  refult,  and  I  am  pcrfuadet} 
that  the  public  will  not  receive  without  fom«. 
degree  of  intereft  thefe  fpecimens  of  the  m©* 
thod  of  reafoning  and  experimenting  employed. 
by  Dr.  Irvine.  The  purfuits  of  an  ingenious" 
mind  cannot  but  afford  amufement  as  well  as 
jnftruflion,  and  I  am  impelled  to  beftow 
fbme  confidence  on  the  remark  of  the  laU 
learj^ed  Dr.  Robinfon,  combined  as  it  is  with 


onmerited  compliment  to  myfelf,  "  that 
;  ftudies  of  fuch  a  man  as  Dr.  Irvine  muft 
hxve  been  extremely  ingenious  and  important." 
I  will  now  conclude  my  prefatory  remarks  oa 
the  fccond  part  of  this  work,  and  only  fur- 
ther obfervc  that,  if  I  do  not  deceive  myWF, 
there  will  Be  occafionally  found  in  theTe 
BflayS/  remarks  and  views  which  even  now 
not  familiar  to  the  cultivators  of  phild- 
phy. 

There  is  another  eflay  of  Dr.  Irvine  on 
[inwvous  difeafes  which  has  always  appeirred 
Dlt»  me  to  contain  fome  novelty  and  ingenuity 
of  conception,  and  to  which  I  (hould,  per- 
haps, have  given  a  place  in  this  work,  bnt 
that  I  have  already  made  it  the  ground-work 
frf  an  inaugural  difiertation,  "  de  Epifpafticis,* 
which  I  publilhed  at  Edinburgh  in  the  year 
1798. 

With  regard  to  the  third  part  of  die  work, 
1  have  little  to  obferve.  As  it  is  by  my  votan- 
Bury  deed  prefented  to  the  public,  it  muft  await 
E^d  fubmit  to  their  judgment.  The  effay 
,  latent  heat  was  formerly  printed  in  Ni- 
ehoHbn's  Journal,  though  in  a  more  imperfeft 
and  abbreviated  form. 

The  fubftance  called  formerly  black  man- 
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'     trts.  ■ 
this 


ganefe,  and  now  black  oxyde  of  manganrfoi 
has  been  long  known  and  employed  in  the  arts.  ■ 
The  difcovery  of  tlie  metallic  nature  of  thi» 
fubflance  has  been  hitherto  chiefly  attribute 
tp  the  Swedifh  chemifts.  What  I  am  noi* 
about  to  advance  cannot  be  regarded  as  aii^ 
attempt  to  deprive  thefe  philofophers  of  any 
part  of  their  well-earned  merit.  But  fmce 
Idonot  entertain  any  doubt  of  the  fame  di^^ 
covery  having  been  made  in  Britain  at  ratheifl 
an  earlier  period  than  in  Sweden,  it  would 
be  unjull  to  omit  the  mention  of  it.  The  dif- 
ference has  been  that  in  the  latter  country  it 
has  been  committed  to  the  prefs  ;  while  in 
the  former,  another  mode  of  communication, 
that  of  teaching  it,  was  adopted,  not  equally 
fuccefsful  in  dilTemiaating  the  knowledge  of 
the  fads. 

Amongft  the  notes  of  experiments  -  per- 
formed by  Dr.  Ir\'ine,  which  arc  in  my  pof- 
fefiion,  there  appear  a  very  great  number  on 
the  black  oxydc  of  manganefe.  In  thefe  he 
formed  almoft  every  combination  of  which  that 
body  is  fufceptible,  and  even  produced  and.J 
remarked  fome  of  the  peculiarities  of  oxi- 
muriatic  acid  gas,  though  he  was  unable  tat 
cCHidenfc  it,  having  attempted  to  receive  th.e 
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l^rodud  in  a  receiver  without  \7ater»   OTcodfeA 

quence  the  extraordinary  properties  of  that 

fubftance  were  not  detefled  by  him.    In  re^ 

fiarrxhg  to  the  article  manganefe^  in  the  notes 

which  he  employed  for  his  chemical  leflures,  I 

find  the  following  paiFagei  which  contains  the 

greater  part  of  his   obfetvations  upon  this 

fubje£l. 

^  In  the  yesLT.iy6g  I  was  Engaged  in  experik 

ments  on  the  colours  ufed  in  painting  ooiena*' 

meL    Aitfong  other  fubilances  mangauefe  was 

examined ;  and  as  in  fome  cafes  the  colour 

which  it  communicated  to  glais  refembled  that 

which  is  given  by  gold^  I  hoped  I  fliould  be 

able  to  prepare  it  in  fuch  a  manner  as  to  make 

the  colour  (lill  more  beautiful.     I  accordingly 

fubje£led  it  to  many  operations^  and  particu* 

larly   digefted  it  with   all   the  nlineral  acids^ 

and  from  the   phenomena  which  I  obrerved 

in  mixtures  of  manganefe  and  acids^  as  well  a4 

from  the  colour,  I  concluded  it  was  a  metallic 

fubftance ;  but  whether  a  new  metal^  or  a  mix* 

ture  of  thofe  already  known,  I  could  not  at  firfl 

determine.      Upon  examining  the  folutions  in 

acids  more  carefully,  I  concluded  that  it  con«« 

tained  a  metal  of  a  peculiar  kind,  and  this  is 

evident  from  the  following  effefls  of  acids^ 
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upon  it.  It  ought  to  be  obferved,  howeverj 
that  befides  a  new  metal,  raanganefe  often 
contains  fome  old  meta!.  The  manganefe 
which  I  employed  in  aH  ray  experiments  is- 
that  ufed  by  the  potters  and  at  the  glafs-houresj 
commonly  called  by  the  French  manganefe 
de  verriers.     It  is  found  at  Mendip  hills. 

"  Manganefe  reduced  to  powder  andexpofed 
to  heat  retains  hs  black  colour,  and  if  the  heat 
israifed  to  bright  red,  the  powder  coheres,  fo 
that  it  cannot  be  feparated  from  the  veffels. 
The  alteration  is  Inconfiderable,  unlefs  the 
manganefe  was  mixed  with  a  large  quantity  of 
calcareous  fpar,  which  is  not  commonly  the 
cafe.  I  generally  picked  out  this  fpar  as  well 
as  pollible  before  I  expofed  the  mafs  to  heat. 
In  a  violent  fire  it  runs  into  a  dark-coloured 
flag,  which,  however,  is  never  in  complete  fii- 
fion.  It  is  ufual  to  calcine  the  manganefe 
before  it  is  ufed  in  painting,  which  is  perhaps 
of  no  great  importance. 

"  Manganefe,  mixed  with  the  diiferent  fofft' 
acids,  is  more  or   lefs  difToIved  in  them.     I 
dilTolvcs  with  moft  violence  in  common  fmof 
ing  nitrous  acid,  more  completely  in  muria 
acid,  but  foontit  and  befl:  in  aqua  regia  co 

olcd  of  two  parts  of  nitrous  acid,  and 
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of  mumtic  acidt  in  which  it  may  be  com- 
pletdf  diflblvecL  The  whole  does  not  admit 
of  folution  in  nitrous  add;  but  the  part 
which  is  undiflblved  having  all  the  properties 
of  manganefe,  I  imagined  that  this  was  owing 
to  the  vnnt  of  phlogifton.  Accordingly,  on 
beating  it  red*-hot  with  charcoal  duft,  and  then 
adding  nitrous  acid,  it  difTolved  completely 
with  violent  eflFervefcence.  This  firft  con* 
vinced  me  that  it  was  a  metal  of  a  particular 
kind.  By  digefting  manganefe  in  fpirit  of 
wine^  it  may  be  all  diflblved  in  nitrous  acid» 
and  thb  may  be  done  even  by  expofing  the 
manganefe  and  acid  to  the  fun's  rays.  By 
thefe  means  manganefe  may  be  completely 
diflblved  in  all  the  acids,  and  by  my  experi- 
ments there  never  remained  t^  part,  and  in 
fome  cafes  nothing.  The  beft  way  of  getting 
a  pure  folution  of  manganefe  is,  firft  to 
calcine  it,  then  to  infufe  in  the  nitrous 
acid,  which  will  take  up  the  calcareous  fpar, 
&c.  mixed  with  it,  then  to  wafli  it  well,  dry 
it,  and  phlogifticate  the  remainder  in  fome  of 
the  ways  mentioned  above.  It  may  then  be 
diflblved  in  the  acid. 

**  Fixed  alkali  precipitates  manganefe  from 
acids  in  form  of  a  white  powder,  which,  laid 
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on  a  red-hot  iron,  bums  and  becomes  blaclc. 
Treated  in  a  phial  as  in  the  operation  for  Rom- 
berg's   pyrophonis,    it  forms  fomething  lil»j 
it,  but  it  requires  more  heat    to   fee  it    ^ttt 
fiift"*  '" 

Amongft  the  other  notes  of  thefe  experi- 
ments upon  manganefe,  I  obferved  an  alluGon 
to  an  experiment  of  the  celebrated  Mr.  WaW  ■ 
of  Birmingham,  in  which  he  had  been  able  to" 
procure  a  few  metallic  globules  from  manganefe 
by  heating  it  in  contad  with  combuftible  fub- 
ftances.  I  was  induced  by  this  to  write  a  letter 
to  Mr.  Wail,  requefting  of  him  to  inform  me 
whether   he  had  made  fuch  an   experiment. 


•  In  another  p'nce  I  find  llif  following  paflBge,  "  An  ounce 
of  manganclc  and  two  drachms  of  crqde  tartar  wrl!  mixed  n 
fin*  powder,  in  a  covered  luted  crucible,  were  raade  red  hot  for 
fifteen  niinutei.  The  upper  part  wu  brown,  ihe  under  green, 
uid  the  uiiddle  pur;)le  mixed  with  dirly  green.  It  bad  concreted 
a  lilllc,  l)ul  crumbled  bctwecaibe  &>gcrs,  When  not  holier  thut 
boiling  water,  il  fet  fife  10  paper  like  Homberg'S  pjmpliorus," 
This  e>periniont  has  not  given  the  fame  refull  in  my  hands.  A 
more  eipert  operator  might  be  morn  fuecefiful.  Perhsps  ibia 
combination, probably  one  ofcharcoal  and  manganefe,  may  thruw 
fomc  li^i  on  ibe  varie(ie»  of  mcttdlic  manganefe,  fume  ofuhich 
moulder  rapidly  into  a  black  powder  on  expofure  to  air,  other* 
do  not.  ]|  mod  be  remarked  tliai  sii  the  experiments  froiK 
rhich  Dt.  Irvine  inferred  ibe  metallic  nature  of  manganeft,  M^ 
jp^i  iiUled  fbove ;  iodeed  only  a  (ery  fmall  part,  I 
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mod  tfThe  was  acquainted  with  any  fpeculations 
of  Dr:  Irvine  upon  this  fubjeft.  I-n  return  to 
whidi  I  was  favoured  with  an  anfwer  con- 
taining the  following  paflage,  fully  confirming^ 
by  the  teftimony  of  a  living  and  mod  highlj 
refpe£lable  evidence^  the  truth  of  what  has 
been  ^hove  affi»ted« 

^  1  remember  perfeftly  the  experiment  yo« 
mention,  about  the  year  1 769.  The  globules 
were  found  principally  attached  to  the  cover 
of  the  crucible,  and  were  afterwards  difcovored 
to  be  lead  alloyed  with  manganefe,  as  they 
Aained  glafs  purple.  Seeing  thefe  metallit 
globules,  fuggefted  to  your  father  the  trying 
of  the  manganefe  in  the  way  of  fokition,  when, 
he  found  its  folutions  had  the  properties  of 
thofe  of  a  metal.  And  thefe  fa£ls  took  place 
long  before  we  heard  of  the  Swedifh  npenU 
ments  on  that  metal.  We,  however,  were 
never  able  to  reduce  it  to  a  regulus,  at  leaft 
that  I  know  of." 

Since  the  above  communication  from  Mn 
Watt,  I  have  learnt  from  fome  other  gentlemen 
that  the  experiments  of  my  father  were  well 
known  at  that  period,  and  that  he  was  preffed 
by  his  friends  to  offer  them  to  the  public^  which 
ho\^ever,  he  uufortunately  negleded  to  do  ui 
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any  other  way  than  by  detailing  them  in  hii 
Je£iurcs.  I  may  mention  the  name  of  Div 
Patrick  Wilfon,  laic  profeflbr  of  aftronomy  in 
the  univerfity  of  Glafgow,  as  one  of  thofe 
gentlemen  from  whom  I  received  this  infor- 
piatioD. 

From  the  ftatement  now  given  it  appears 
tliat  Dr.  Irvine  and  Mr.  Watt  have  joint 
claims  on  the  difcovery  of  the  exiftence  of  a 
peculiar  metal  in  black  manganefe.  Their 
experiments  were  fully  more  early  than  thofe 
of  the  SwediOi  philofophers  Bergman,  Scheele, 
andGahn.  The  inveftigation  was  undertaken 
in  both  countries,  in  all  probability,  without 
the  flightefl  knowledge  of  fimilar  attempts 
being  made  in  another  place. 

I  have  introduced  the  mention  of  thefe  fa£i» 
into  the  preface,  becaufe  I  did  not  perceive 
any  opportunity  of  inferting  them  with  ad» 
vantage  in  the  body  of  the  work. 

I  may  notice  here,  that  the  freezing  of  the 
water  in  ilic  cjilorimctcr  obfrrvcd  by  Mr. 
Wcdgcwood,  ai  remarked  in  Effay  IV.  Part  I. 
page  1,'jo,  was  ul((>  found  to  occur  by  Mr. 
Accuin,  a»  I  am  informrd  by  himfclf,  in  ex- 
pcritiir-iiis  nude  wiih  the  calorimeter  in  the 
JffbKtfaMry   of  the  Roynl   Inllituiion.      Thii 


inSbnimtion  I  did  not  receive  ia  fufficieni 
time  for  infertion  in  iis  proper  place. 

It  is  alfo  proper  to  remark,  that  M.  de  Luc 
has  jullified  himfelf  from  the  charges  preferred 
againft  him  by  Dr.  Robinfon,  in  a  letter 
addreffed  by  him  to  the  writers  of  the  Edin- 
burgh Review. 

In  the  firft  eflay  I  have  made  fome  very 
brief  obfervations  on  the  queflion  of  the  ne- 
ceflity  of  the  particles  of  matter  not  touching 
each  other,  in  which  I  have  endeavoured  to 
fhew  that  a  partial  contact  might  be  made  to 
agree  with  the  phenomena.  Since  writing 
ihefe  remarks,  I  obferve  in  Nicholfon's  Journal, 
that  a  French  author  has  entertained  the  fame 
opinion,  with  which,  however,  I  was  intirely 
unacquainted  at  the  time  of  writing  my  re- 
niarks. 

Since  the  firfl  part  of  the  following  Eflays 
was  printed,  I  have  met  with  fome  obferva- 
tions of  M.  Berthollet  in  his  Chemical  Statics, 
on  the  fubjed  of  heat.  He  there  difcufles  the 
merit  of  the  theory  confidered  in  the  following 
work.  After  noticing  the  doubtful  argument* 
which  have  been  deduced  by  M.  M.  Lavoifier 
and  Laplace,  from  the  wide  variations  of  the 
1  zeros,   calculated   according  to  their 
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experiments  in  the  calorimeter,  he  adds,  that 
they  found  the  capacity  of  a  folution  of  one 
part  of  nitre  in  eight  parts  of  water  lefs  than 
(hould  have  been  indicated  by  the  expreffion 
of  the  fpecific  heat  of  the  water  of  the  folution 
alone,  which  would  have  been  .88889,  whereas 
by  experiment  it  was  only  .81670.  Cold  is 
produced  in  the  formation  of  this  folution,  and 
the  capacity,  inftead  of  being  lefs,  ought,  ac- 
cording to  the  theory,  to  have  been  greater. 
This  argument,  if  perfeftly  eftablJftied,  would 
certainly,  as  I  have  obferved  in  the  following 
Eflays,  be  decifive.  I  need  not  here,  however, 
repeat  the  very  ftrong  objeftions  which  can 
be  propofed  againft  the  accuracy  of  the  calo- 
rimeter, on  which,  in  this  cafe,  every  thing 
depends.  But  I  refolved  to  repeat  the  expe- 
riments on  the  capacity  of  the  folution  in 
queflion  with  as  much  accuracy  as  pofTible  in 
the  way  of  mixture. 

The  medium  of  comparifon  which  I  ufcd 
was  pounded  glafs.  The  capacity  of  various 
glaffes  being  very  different,  I  firfl:  found  by 
experiment  the  glafs  ufed  to  have  a  capacity 
of .  I  go.  I  then  made  three  experiments,  mix- 
ing this  glafs  with  the  folution.  Each  time 
I  ufed  five  ounces  of  each  of  the  materials  at 
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difiPerent  temperatures^  and  the  reTults  ap^ 
{broached  each  other  as  nearly  as  is  to  be  ex* 
pe6led.  The  mean  deduced  capacity  was  •914« 
The  temperature  of  the  glafs  was  never  higher 
than  120%  nor  that  of  the  folution  lower  than 

44"- 

In  ofiering  my  experiments,  in  oppofitioii 

to  thofe  of  men  fo  illuftrious  as  the  authors 
of  the  Memoir  upon  Heat,  I  am  not  infenfible 
of  the  rilk  of  the  accufation  of  temerity.  Nor 
is  it  without  feelings  of  the  moft  unfeigned 
diffidence,  that  I  venture  to  oppofe  the  op^ 
nions  of  philofophers  of  fo  high  a  chara£ler. 
My  excufe  muft  be  '*  amicus  Plato,  amicus  So- 
crates, fed  magis  arnica  Veritas.** 

In  the  Eflay  I.  Part  I.  I  have  mentioned  aQ 
argument  illuftrating  the  poflibledecompofitioii 
of  water  in  the  galvanic  trough,  and  the  appear* 
ance  of  the  hydrogen  and  oxygen  at  a  diftance 
from  the  fpot  where  they  muft  have  been  pro- 
duced, I  allude  to  the  fimilar  occurrence  ia 
^e  decompofition  of  the  acetite  of  lead  by 
zinc.  It  is  proper  to  ftate  that  I  learned  this 
argument  in  a  con  verfation  with  Mr.  Nicholfon, 
though  I  am  uncertain  whether  he  claimi  tbo 
invention  of  it, 
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9N  TBM  VATURE  OF  BMJT^ 


in  t  Ha  6t  ik€sx  19  perfe&y  familiar  and  fim^KV 
hk  comnioii  language  everjr  pcrfon  underftands  hf 
diar  word  a  peculiar  fen&tion  excited  tn  the  humaiX 
liody  by  the  approach  or  contad  of  hoc  iiibftancer. 
In  the  {AiUofophitidf  aitcejpttftion;  the  phrafe  heat  it 
vftd  to  expre6  the  caftfe  of  dm  fenlatiotf^  whatever 
diat  may  be. 

'  Heat  bu  been  the  Yubjeft  of  tfiahy  in^Mes^  and 
a  number  of  its  properties  has  been  fudcefsfully  in- 
vefbgptted.^  From  its  univerfal  diffufion  and  its 
prefenee  or  inferfeience  in  every  chemical  procefr  of 
nature  or  of  art,  it  has  attraded  anunufiiai  pordonf 
of  the  attention  of  chemical  philofopherr.  Norcat» 
it  be  laid  to  be  unworthy  of  the  inveftigatibn  whidr 
i(  has  received,  fince  in  theory  it  forms  one  of  tbtf 
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moft  carious  purTuits,  and  in  pratfHcc  one  of  the 
mod  ufeful  and  moll  unlverfally  applicable  to  the 
purpofcs  of  life  of  any  of  the  objcds  of  fcientific 
rcfearch. 

In  the  new  nomenclature  the  word  caloric  has 
been  adopted  to  eXprcfs  the  caufc  of  the  fenfation  of 
heat,  and  therefore  bears  exadily  the  fame  meaning 
which  the  word  heat  has  always  done  in  fcientific 
works  fincc  the  attention  of  phitofophcrs  has  been 
dircflcd  to  this  fubje<;i.  There  is  furrly  now  little 
or  no  danger  of  ambiguity  from  the  confufion  of 
the  caufe  with  the  effcift  of  heat,  whatever  may  have 
been  formerly  the  cafe.  I  am  therefore  inclined  to 
confider  ihcfc  two  words  as  pofTciTing  almoft  equal 
merits,  and  to  be  fo  nearly  balanced  in  the  fcalc  of 
excellence,  that  I  have  indulged  myfelf  in  the  iodif. 
criminate  ufc  of  both,  guided  by  no  Other  modvck 
than  thofc  of  convenience.  In  this  procedure  J 
think  I  am  juflified  by  the  praifticc  of  tht  bcft  and 
late  chemidl  writers  of  this  country.  Verbal  crid* 
cifm  is  not  often  iricful  in  fcience.  If  either  of  the 
words  in  queftion  be  clearly  defined,  we  fhall  be  at 
nolofsto  underftand  the  fubjcA  of  oar  arguihenta 
by  whatever  name  it  may  be  called.  Befides  the 
philofophy  of  heat  has  received  many,  I  believe  1 
may  fay  mod  of  its  improvements  in  this  iftand  ;  and 
in  the  writings  of  the  Britifh  chcmifts  the  word 
heat  has  been  always  It  Icaft  partially  employed. 
For  thcfc  rcafons,  to  fay  nothing  of  the  circumftance 
that    the   propriety    of    the  phiafe  caloric    itfdf 
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lias  bcmqueftioaisd,  I  fliall  ufe  w  die  following 
pages  indifcdButiatdiy  both  tfade  modes  of  cxprd^ 
iioo.*         • 

Heat  or  calpric  is  yniverfidly  diiTuIcd;  Ko  fub« 
(hnce  has  been  obferved  to  exift  totally  deprived  of 
it*  It  may  be  partially  withdrawn }  a  )body  may  be 
lendeicd  gxady  colder  than  it  ever  appears  natiu 
tally  at  leaft  in  tbefi^  latitudes ;  but  there  is  not  the 
moft  remote  reafon  to  imagine  that  a  body  in  fuch 
a  fituation  does  not  ftili  contain  a  huge  fupply  of 
caloric. 

'  Till  very  lately  it  was  not  fiippofei  that  heat  ever 
ezifted  ieparatdy  from  one  or  other  of  the  vaijous 
ipocies  of  matter  compofing  this  earthy  or  from  the 
nyt  of  l%ht.  Btrhaps  it  may  even  yet  be  afierted^ 
that  no  philoibpher  has  been  able  indifputably  to 
pcpduce  a  quantity  of  caloric  without  employing  as 
a  iveUcle  for  it  fome  fubftantial  bcxiy •  Hence  it  has 
been  diflkult  to  advance  pofitive  proof  that  heat  is 
matter. 

The  curiofity  of  philofophers,  however^  has  not 
been  leftrained  by  fuch  embariailmentt.    Many  opi- 

^  Tbe  whole  qoMtity  of  heat  in  any  body  wai  ufoally  named 
by  Dr.  Irvine  iu  ablblute  bcatf  in  contradillicr^lion  to  felmtiv* 
beat ;  and  when  the  whole  caloric  containeil  iu  any  fubftaace  it 
confidercdf  this  exprcfliun  it  peculiarly  clear  and  convenient,  and 
has  accordingly  been  adopted  hy  moil  writers  on  this  fubje^ 
The  abfolute  hc.it  or  caloric  of  any  body  therefore  means  the  whola 
quantity  of  the  caufe  of  heat  refuiiug  iu  that  body,  ia  wbattvcr 
iaia  or  combination  ibat  may  be. 
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niotu  have  been  propofed  concerning  the  nuxm-el 
caloric.  Sotne  of  tbde  hive  regarded  it  as  a  coin, 
pound  :  others,  on  the  contrary,  as  a  fimplc  fub. 
fiance.  Whilft  a  number  of  j^iloTophcn  have  ic. 
fufed  altogether  to  acknowledge  its  materiaJ  nature, 
and  are  difpofed  to  account  for  the  phenomeiu  of 
beat  by  fuppofing  a  certain  tremulous  or  vibratory 
motion  among  the  ultimate  partkles  of  which  bodies 
are  compoTcd. 

Th,c  illuftrious  Scheele  concetwod  diat  cdoric  was 
compounded  of  oxygen  and  phlogifton,  and  thai  light 
Vf»  a  compound  of  the  fame  nature  with  diifercnt 
proportions  of  the  ingredients.  This  theory  ac- 
counted very  well  for  a  great  number  of  faifts,  and 
)vas  not  unworrhy  of  its  celebrated  author.  It  is 
now,  however,  only  mentioned  in  the  hiftory  of 
opinions  once  held  upon  this  fubjca,  fince  the 
fisundatton  of  the  whole  fuperflru<fhjre  has  been  re- 
moved by  the  revolution  which  has  expunged 
the  name  of  phlogifton  from  the  lift  of  chemical 
Igcnti, 

A  much  more  xeacnt  hypothecs  has  reprefented 
caloric  as  compounded  of  pofitivc  and  negative 
eloftrici:/.  The  phenomena  pf  the  galvanic  trough 
have  given  rife  to  this  opinion  originally  propofed 
as  far  as  I  have  learned  by  Dr.  Gibbes  pf  Bath. 
It  is  a  wdl  known  fa£t,  that  while  the  ejicitation  of 
ppfitive  and  negative  ekflricity  is  going  on  from  Ac 
ilifFcrcnt  fidci  of  the  pile  or  trough,  a  fmallftrfam 
^f  oxygen  and   hydrogeii  g^^fcs  is  ^if^hatgedj  t^ 
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<)Z7gen  gas  from  the  fide  which  producci  the  pofi- 
tive  eletflricity.  and  the  hydrogoi  gas  from  that 
which  produces  the  nc^tive.  From  thcfc  ciraim- 
flanccs  it  is  inferred  that  it  is  the  combination  of 
water  with  the  pofitive  cledricity  which  forms  the 
oxygenous  gas,  and  the  union  of  water  with  the  ne- 
gative cleftricity  which  forms  the  hydrogenous  gas. 
When  therefore  ihefc  two  gafes  are  forced  to  com- 
bine, their  water  muft  be  depofited,  and  the  pofitive 
and  negative  de^ricity  unite  in  the  form  of  caloric. 
Thus  far  this  hyporhcfis  gives  a  very  clear  and 
ready  account  of  the  fa<5h.  Before  admitting  it, 
however^  it  muft  undergo  a  more  fcvere  inveftiga- 
ticn. 

One  of  the  circumlhnccs  which  has  given  origin 
to  Dr.  Gibbe*'  theory  has  been  the  decompofition 
of  water  in  the  galvanic  trough,  the  two  component 
or  fuppofed  component  parts  being  given  out  at  a 
confidcrable  diftancc  from  each  other.  Richter 
imagined  that  this  fad  fufficicntiy  proved  the  falfc- 
hood  of  the  theory  of  the  compofition  of  water  firft 
propofed  by  Mr.  Cavendifh  and  Mr.  Watt,  and 
commonly  called  the  Lavoifierian  theory.  He  could 
not  conceive  that  the  fame  particle  of  water  could 
be  influenced  at  two  diitercnt  places  at  the  fame 
time.  Now  this  is  certainly  a  confidcrable  diffi- 
culty, and  it  may  not  be  cafy  altogether  to  remove 
it  in  the  prefent  (tace  of  knowledge  of  the  aiftion  of 
thepaiticlci  of  matter  on  each  other.  But  it  can 
be  readily  fhcwn  that  fimilar  cmbarral&nenn  of^xiA 
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the  explaiuuon  of  various  other  chemical  pheno* 
mcQa.  If]  for  example,  a  piece  of  zinc  he  huog  In 
a  folution  of  acccitc  of  lead,  the  lead  is  ieparatcd  ia 
the  metallic  ttuc,  and  forms  a  very  beautiful  tree. 
At  the  beginning  of  this  procefs  a  particle  of  zinc 
meets  with  one  of  acctite  of  lead,  which  it  dccom^ 
pofes.  and  the  kad  is  depofited  at  the  point  of  adUon. 
This  happens,  however,  only  at  the  beginning ; 
for  as  the  decompoficion  goes  on,  the  lead  is  depo- 
fited farther  and  farther  otF,  and  near  the  end  of  the 
operation  at  a  very  confiderable  diltancc  from  the 
zinc.  This  is  undoubtedly  a  very  curious  and  dif- 
ficultly explicable  phenomenon,  and  rercmblc^  the 
Cafe  of  the  decompofition  of  water  by  galvanifm  in 
the  main  point,  to  wit.  the  depofition  of  the  parts 
of  the  compound  at  adiftance  from  each  other.  Yet 
this,  as  far  as  I  know,  has  not  been  hitherto  fuppofcd 
a  fufficient  ground  for  denying  thai  acetite  of  lead 
is  formed  by  thf  uoioo  of  acetous  add  and  oxyde 
of  lead. 

Befldes  this  reparation  of  the  parts  of  a  compound 
is  not  by  any  means  a  very  rare  occurrence.  It 
may  be  obfcrved  in  all  precipitations  of  metals  in 
the  metallic  flate.  The  arbor  Dian«  Ihews  phe- 
nomena extremely  fimilar.  Ifartencion  be  paid  to 
the  formation  ef  cryllals  in  any  famratcd  folution,  of 
muriate  of  foda,  for  example's  fake,  it  is,  1  believe, 
admitted  that  if  evaporation  be  prevented,  no  cryf- 
tals  will  be  formed.  But  if  evaporation  be  per- 
mitted to  proceed,  the  fait  ought  to  be  depofited  at 
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the  furfacc.  becaufe  each  particle  of  the  compound 
of  TaJc  and  wxter  is  there  dccompofcd.  But  it  ii 
a  ceruin  faift  that  the  dcpofition  very  often  takes 
place  at  the  botiom  of  the  velTcl.  So  that  here  > 
decompofition  i<  effeded  at  a  given  point,  and  one 
of  the  ingredients  makes  its  firft  fcparate  appear- 
ance at  a  conOderable  diftance  from  that  point. 

Thele  example}  occur  to  me  as  tufficient  to  ffacw 
that,  fuppodng  water  to  be  compounded  of  oxygen 
and  h^iirogen  gafes,  the  produdlion  of  ihefe  gafes 
in  the  galvanic  trough  at  a  diftancc  from  each  other 
is  not  an  unique  phenomenon  in  chemiftry.  Whence 
it  Ibould  follow,  that  it  is  not  neccfTary  to  invent  a 
peculiar  theory  to  explain  it,  or  at  tcaft  thai  this  the- 
ory ihould  apply  in  the  other  cafu  as  well  as  in  the 
prefent.  Now^  though  it  may  be  poiTible,  and  is  not 
by  any  means  unlikely,  that  electricity  may  interfere 
in  many  chemical  procelfcs  where  lu  agency  is  not 
now  fufpcclcd,  it  docs  not  appear  how  Dr.Gibbcs* 
hypothecs  caji  apply  to  the  decompolition  of  acetite 
of  leader  farurated  folutions  of  various  fatts, 

Bcfidis,  as  has  been  well  obfcrvcd,  water  of  am- 
monia fx'ing  expofcd  to  the  galvanic  at^ion,  hydro, 
gen  and  nitrogen  arc  produced,  and  no  oxygen  at  all, 
which  cannot  be  reconciled  with  the  principles  in 
qucftion.  Jt  isalfo  extremely  doubtful  whether  the 
two  kinds  of.elctflricity  can  be  conlidcrcd  asdiftincV- 
fubltances,  which  ought  to  be  afccrtaincd  before  fb 
lortant  'dcdudions  be  mode  from  it.  Upon  rhe 
le«  therefore,  it  appears  that  though  we  can  ob- 
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fervc  much  ingenuity  in  this  theory  of  Dr.  Gibbet, 
lliere  are  not  yet  brought  forward  fufficiently  ftrong 
proofs  lo  convince  us  of  its  truth. 

C*f  the  other  hyp othcfcf  of  the  nature  of  caloric 
one  confiders  it  as  a  fubttancc  of  enremc  ^fubtilty, 
penetrating  with  eafc  even  the  denfeft  and  hardeft 
bodies,  contained  in  confiderabtc  quantiiie*  in  all 
BnCter,  and  the  particles  of  which  rq>cl  each  other 
the  moreftrongly  the  nearer  they  arc  forced  to  ap- 
proach. This  opinion  receives  fome  degree  of  illuf- 
tration,  if  not  offupport,  from  the  analogy  of  the  dec. 
trical  fluid.  Between  caloric  and  elc<3ricity,  indeed, 
there  fecrns  to  be  a  confidcfable  but  obfcure  analogy. 
Neither  of  them  has  hitherto  been  proved  to  be  ma- 
terial, by  the  teft  at  Icaft  of  gravitation.  Eledricity 
can  be  fubftitutcd  for  heat  in  giving  origin  to  com- 
buftion  and  in  fufion,  and  Fefembles  it  in  the  pro. 
pcrty  common  to  both  of  being  accumulated  by  fric- 
tjon.  This  analogy,  however,  is  very  far  from  being 
complete,  Fufion  by  cledlricity  is  certainly  mate- 
rially different  from  that  by  caloric,  ftnce  a  metal 
may  be  melted  by  eletSricity  while  the  cloth  in 
which  it  was  enveloped  remains  untouched.  It  pro- 
bably conlirts  in  a  momentary  reparation  ofparticlet 
fi-om  the  rcpuliion  fuppofcd  to  be  communicated  to 
them  by  the  elcdric  power.  Caloric  in  many  in- 
ftances  may  be  fup^jof^  to  fufe  in  a  ftmilar  man- 
ner, at  lead  in  ihofc  cafes  where  the  folid  is  dilated 
during  its  pafTage  into  the  f^uid  tlate.  It  has  been 
obferved,  however,  by  Van  Dittnen,  that  metal;,  d.iug 
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fufion  by  cleAricity,  are  left  with  a  loofe  powdery  ap- 
paiznce.  TTiecaufcofthis  itu^be,  ftrft,  ih«  the 
dcAricity  not  being  repelled  by  particW  limilar  to 
itfclf,  paflcs  off  wirh  greater  rapidity  than  caloric  can 
do,  which  mcecs  caloric  on  every  fide;  fecondJy^ 
that  the  capacity  of  the  fluid  for  caloric  is  enlarged, 
or  in  other  word<,  tbc  fluid  contains  much  latent 
hear,  which  it  muf!  lofe  before  becoming  folid,  and 
therefore  a  conQderable  fpacc  intervening  before  the 
folidificacioji  is  finilhed,  the  particles  have  time  to 
arrange  themfdves.  asdirccfled  by  their  mutual  at- 
traftion  for  each  othw.  Prcrtwibly  then  the  capacity  of 
a  body  for  eledricicy  k  rwt  much  increafcd  by  its  fr- 
Hon  by  the  elc<aric  maitsr,  unlcfs  the  want  of  elcdric 
matter  in  the  furrounding  bodies  be  thought  fuf- 
ficient  toaccouat  f«r  the  rapid  difperiion  of  that  for 
a  momenc  accumulated  in  the  fu&d  body. 

All  folids  become  hotter  by  being  rubbed  j  t  cer- 
tain ctafs  only  accuHiulace  elcifbtciry.  Some  bodies 
do  not  tranfmit  the  cictSric  fluid  at  ail,  or  with  cr- 
treine  diliiculty  ;  all  bodies  tranfmtt  heat,  and  though 
there  arcdiffercnt  condufting  powers  of  different  fub- 
fiances  tu  raWic,  yet  this  di/ference  is  by  no  means 
to  becocnparod  xviiii  the  iducunce  of  the  non-eiec- 
trio  to  LranJJniifleif^Ficitj',  ]c  is  poiTible  that  manjr 
of  ihefc  inconfiftcncies  tnay  difappear  bcforea  more 
Kcuratc  and  extcnlive  knowledge  of  heat  and  tlcc- 
Jricity. 

^iflcnce  of  hnit,  as  a  peculiar  fubfUnce,  it 
f  hypotbeiical.    It  tnuft  thcjefort  fill  tp  the  lot 
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of  thofe  who  defend  chat  opinion,  tofhcw  that  TucH 
a  fuppofition  will  account  for  all  rhc  phenomena, 
and' that  it  is  impofliblcto  explain  them  without  ir. 
If  they  fail  in  either  of  thefe,  their  argument  cannot 
be  juit.  If  caloric  be  macter,  it  at  leaft  cannot  be 
ihewti  to  gravitate.  Many  experiments  have  been 
made  to  determine  this  point.  At  one  time  thefe 
were  fuppofcd  to  prove  that  caloric  really  did  gravi. 
rate.  Afterwards  it  was  imagined  that  more  accurate 
trials  had  proved  that  it  not  only  did  not  graviute, 
but  a<5lually  Icflencd  the  former  weight  of  the  body 
containing  it,  and  was  a  principle  of  levity.  And 
very  ingenious  theories  were  devifcd  to  explain  this 
curious  phenomenon.  Jt  fecms  now  agreed,  how. 
ever,  from  the  lateft  and  beft  experiments,  that  ca- 
loric poflcflcs  neither  weight  nor  levity,  and  doci 
not  atFeft  the  gravity  of  the  body  into  which  it  en- 
ters. 

Caloric  pafTcs,  though  very  flowly,  through  the 
Torricellian  vacuum.  This  has  been  confidcrcd  as 
a  proof  of  its  material  nature,  flnce  a  quality  or  fpe- 
cies  of  motion  of  a  vibratory  or  other  kind  cannot, 
by  any  ingenuity  of  hypothefis,  be  fuppofcd  to  pe- 
netrate vacuity.  And  perhaps  this  argument  might 
be  conclufive  enough,  provided  it  could  be  Hiewn 
that  the  Torricellian  vacuum  Is  really  a  portion  of 
fpace  unoccupied  by  matter.  But  it  can  only  be 
flicwn  to  be  a  vacuum  of  air,  and  may.  nay  certainly 
does,  contain  light,  ciciftricity,  and  perhaps  other 
invifibte>  and  yet.  unknown  fubHancei. 
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Thc'ftrongcft  arguments  for  the  exiftcnce  orcaloric 
is  a  diftind  fpecics  ofmttterarc  derived  from  the 
ffblervation  of  wh»t  has  been  called  radiant  caloric, 
ind  more  cfpttully  from  the  ingenious  and  curious 
experiments  of  Dr.  Herfchcli,  on  the  fcparation  of 
heat  from  thofe  of  light.  This  gentleman  has  found, 
th&t  the  prifm  divides  the  folar  beams  not  only  into 
diflfermt  coloured  rays  of  light,  as  has  been  long 
known,  but  alfo  into  invifiblc  rays  of  heat,  which 
■re  governed  by  peculiar  laws  in  their  refraiflions  and 
rcfloflions.  This  difcovcry,  both  unexpcdted  and 
curious,  has  ferved  to  convince  fome  philofophers 
that  beyond  all  doubt  caloric  is  proved  to  be  a  pe- 
culiar and  diftiiuft  fpccics  of  matter,  feparable  and 
now  feparatcd  from  all  other  fubllances.  It  is  not, 
however,  altogether  finally  decifive  of  this  queftion  i 
and  it  may  perhaps  be  worth  while  to  confider,  how 
far  the  probability  of  the  material  nature  of  caloric  is 
incrcafcd  by  ihefe  experiments. 

It  was  on  the  tide  of  the  fpc^rum  next  the  red  ray 
(hat  the  rays  of  caloric  were  found.  On  the  oppo- 
,fitc  fide  next  the  violet  ray  certain  other  rays  have 
alfo  been  difcovcrcd,  which  do  not  produce  heat, 
but  which  have  a  greater  power  of  reducing  meullic 
oxydcs  than  the  rays  of  the  ancient  fpcdrum.  Thefe 
jays,  as  well  as  thofe  of  caloric  arc  wholly  invifible, 
and  their  exiftcnce  is  inferred  only  from  fome  chemi- 
cal properties  which  they  appear  to  pofTcls. 

Mr  JjcQic,  in  a  very  ingenious  work  upon  Heat, 
I  Ucd/  turned  his  attention  to  this  fubje<5t.    He 
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hat  widi  great  induflry  ind  fagacity  performed  nUnf 
curious  and  v^htable  experiments,  the  refults  of 
which  are  far  from  coinciding  with  thofc  of  Dr. 
Herfchcll.  He  has  certainly  fhewn  thai  the  radi- 
ation and  abforption  of  heal  are  guidedby  taws  etTcn- 
tially  different  from  any  before  imagined,  and  the 
&^s  which  he  has  difcovei^d  are  in  thcmfetvn  highly 
interefting,  independent  ofaltdeduAions-fromthem< 
But  his  objcift  has  been  to  difprovethe  ejtiftcnce  of 
radiant  caloric,  and  to  fhew  that  While  heat  and  light 
are  eflcntially  the  fame,  hCat  is  not  at  ail  conveyed 
from  hot  bodies  to  colder  ones  in  rays,  but  that  the 
air  is  the  vehicle  of  conveyance,  and  is  affciftcd  by 
pulfations  from  the  foddcn  rarel^tftion  of  the  portion 
next  the  hot  fubftance,  in  «  way  not  altogether  diC. 
fimilar  to  that  in  %Vhich  the  fame  medium  ij  tnftu- 
rnced  by  the  vibrationsof  any  fonorous body.  It  can* 
not  be  denied  that  he  has  given  confidcrable  probabi* 
lity  to  his  affertions,  and  that  his  experiments  and 
theory  appear  to  agree  in  many  points.  Yet  the  fiib-* 
jcft  is  by  no  means  completely  elucidatetf.  Mr. 
Leflic  has  partly  endeavoured  to  invalidate,  partly  to 
doubt  Dr.  Herfchell's  experiments.  In  his  attempti 
to  cffed  the  laft  of  thefe,  every  one  will  not  be  dif- 
pofed  to  join,  and  Dr.  Herfchell's  inveftigalioni 
muft  receive  too  much  fupport  from  his  known  in^ 
genuiiy  in  other  branches  of  phyiics,  to  be  com* 
bated  in  any  other  way  than  by  experiments  diw 
rcftly  contradiding  thofe  before  the  public.  Mr. 
Lcflie,  however,  hai  fhewn  fomc  caufc  to  hefintWk 
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before  the  propofcd  inferences  be  admitied.  There 
are  other  nya  bcfides  thofe  dire^ly  from  the  fun,- 
which  pafs  throDgh  the  prifm,  >rtd  are  to  be  found 
beyond  (he  red  ray.  Something  fliouW  be  aJlowed 
for  rcBedion.  and  fomcfhing,  as  Mr.  Leflie  Ainfcj, 
for  inaccuracy.  The  cffeifl  of  a  ftream  of  air,  in 
airc(\ii^  the  prt^refs  of  radiant  caloric,  is  alfo  vctj 
remarkable,  and  much  agalad  Dr.  HcrfcheU's  hy<* 
pothefiE. 

The  notion  of  invtfibte  rays  of  heat  has  been  fon^ 
cnicrtaincd:  the  no»clryof  Dr.  Herfchelf's  theotjf; 
conf^iled  in.  placing  them  among  the  folar  beamay 
as  fcparate  from  the  rays  of  light.  It  is  clearly  fup- 
pofoJ  that  the  inviftble  and  heating  rays  are  pure 
caloric.  If  it  could  be  imagined  that  ihcy  were  anjr 
modificaiion  of  light,  we  fhoutd  be  di^fed  toae<» 
Count  for  ehe  appearance  of  heat  in  the  old  way,  at 
Icart  no  proof  of  the  contrary  dodtrinc  would  have 
been  adduced.  Dr.  Hfitton  and  other  philofopherB 
have  doubted  as  to  the  neceflity  of  viability  to  the 
niftencc  of  light,  and,  as  it  feems  tome,  on  verjr 
good  grounds.  It  is  extremely  probable,  that  eithei 
the  air  or  the  combuUible  fubUancc  contains  light 
invifibly,  which  the  procefs  of  combuttion  afterwards 
developes  The  compoficions  called  pyrophori  can 
be  deprived  of  their  poucr  of  emitting  rays  of  light 
by  expoling  them  to  fevcrc  cold.  This  luminous 
quality  can  however  be  rcftored  lo  them,  by  a  very 
moderate  rife  of  temperature.  In  this  cafe,  if  light 
and  heat  be  really  di^crcnt,  it  can  fcarccly  be  doubtc(| 
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that  the  light  cxiftcd  in  the  frotcn  pyrophorus  in  art 
iovifibfe  ftate.  Hence,  it  is  only  light  in  a  peculiar 
ftare  that  can  be  feen.  A  certain  intcnfity  of  light, 
ihoreover,  is  neccfTary  for  exciting  vifion.  It  is  well 
known  chat  fomc  animals  can  fee  diftini^ly  where  the 
human  eye  has  no  perception.  The  human  eye  itfclf 
varies  in  its  power  in  different  pcrfons,  and  even  in 
the  ftmeperfon,  under  different  circumftances.  Vifi- 
bility  therefore  is  not  indiffxrnfable  to  the  exigence 
ef  light,  but  only  to  a  peculiar  mode  of  its  cxiftencc. 
Light  we  certainly  know  to  be  fufccptible  ofnumer* 
OQS  modifications,  as  manifcftly  appears  from  the 
various  coloured  rays  of  which  the  folarbcam  is  com- 
po(ed.  Thefe  rays  dift'cr  eminently  in  their  power* 
otf  heating,  no  lefs  than  in  their  other  properties  ;  and 
iheir  phenomena  fuggcft  the  well-grounded  fufpi- 
Ck>n  that  the  chemical  afTcclions  of  light  arc  yet 
but  imperfeclly  underflood.  Light  is  tmnfminible 
through  certain  bodies,  called  from  that  property 
Cranfparent.  But  radiant  caloric  is  not  tranfmitted 
through  all  ihcfc  fubftances.  Some,  fuch  as  glafs, 
refufc  a  paiTagc  till  they  arechemfelvcs  faturatcd  with 
it.  Even  the  air,  which  tranfmits  caloric  from  fires 
■nd  other  chemical  combinations,  is  itfclf  affefted 
by  the  heat,  as  Mr.  L^fiic's  experiments  clearly 
Ihew.  But  the  folar  rays  of  radiant  caloric  per- 
vade air  like  the  rays  of  light  themfclves,  leaving  no 
trace  of  their  progrcfs.  One  cannot  admit  the  al- 
leged fadts  as  pofitivc  proof  of  the  material  nature 
«f  caloric,  after  fuch  rcHoftions.    If  light  and  h«it 
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be  indeed  fq>arate  bodies^  perhaps  their  mutual  com* 
binacions  may  ferve  to  alter  and  dirguile  each  in  a 
fufiicient  variety  of  ways^  to  account  for  every  modi* 
jfication  undergone  by  either. 

The  caloric  can  fcarcely  be  all  radiated  from  a 
cooling  body,  nor  even  the  greater  part  of  it :  fince 
in  that  cafe  hot  bodies  would  cool  faded  in  the  rartft 
media^  or  in  a  vacuum,  and  in  air  fooner  than  in 
iron  filings  or  in  mercury.     But  the  very  reverfe  is 
the  fadi:.   Hence  there  muft  be  a  power  of  attnuSion 
in  the  receiving  body>  as  well  as  one  of  repulfion  in 
that  emitting  caloric.     The  cold  refledled  by  -mir- 
rors in  Pidlet's  and  Leflie's  experiments  is  referable 
to  this  head^  and  is  certainly  a  mod  curious  pheno- 
menon.   Dr.  Hutton  accounted,  for  this  by  fuppof- 
ing  that  the  temperature  of  all  bodies  is  kept  up  by 
the  radiation  from  furrounding  objedb^    and  that  of 
confequence  the  vicinity  of  cold  bodies^  which  radi- 
ate lefs  heat^  would  be  equivalent  to  the  fubtra&ion 
rof  heat  from  the  thermometer  ufed.   .And  thiscer- 
tainly  does  explain  the  depreflion  of  temperature^ 
in  as  far  as  it  may  be  occafioncd  by  the  mere  ap- 
:  proximation  of  cold  bodies ;  but  by  no  means^  why 
'this  depreflion  (hould  increafe^  when  by  the  refleA- 
ing  mirror  more  radiant  heat  is  thrown  on  the  ther- 
mometer.    One  would  think  that  the  temperature 
:  ought  to  be  raifed  by  fuch  a  diredlion  of  the  rays  of 
heat.     For  though  the  mirror  concentrates  into  one 
focus,  upon  the  bulb  of  the  thermometer,  many  rays 
from  the  furrounding  bodies,   which  rays    would 
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not  othCTwife  ftrikc  that  inftrument,  the  then 
meter  does  by  no  means  make  an  equal  return, 
at  moft  can  only  radiate  a  few  rays  to  the  mirror, 
proportioned  to  the  minutenefs  of  irs  mafs,  and  the 
nature  of  its  forfacc,  now  proved  to  have  little  dif- 
pofition  for  plentiful  evolution  of  caloric.  Jn  fittfl, 
it  fecms  neccffary  to  allow,  that  fome  pofitive  cold 
is  dirciftcd  by  the  mirror,  and  I  feel  myfelf  difpofcd 
in  thefe  circumftances  to  liften  with  a  favourable  car 
to  the  ingenious  account  lately  prt^ofcd  of  this,  and 
fimilar  phenomena,  by  Mr.  Ledie  and  Count  Rui«- 
ford.  Mr.  Leflie's  experiment,  in  which  he  found 
that  agitation  of  the  air,  through  which  heat  is  radi- 
ating, materially  aifei^a  the  paflage  of  the  fuppofcd 
rays,  is  indeed  very  ftumbling  to  the  adherents  Of 
the  oppoltie  theory.  At  the  fame  time  the  pafiagc 
of  heat  through  the  Torricellian  vacuum  is  a  little  in 
the  way  of  Mr.  Ixflie's  theory,  unlcfs  we  grant  th« 
the  fuppofcd  vacuum  is  a  plenum  occupied  by  vapor- 
ifed  mercary,  which  may  be  fuppofcd  to  perform  rhc 
office  of  air,  in  the  conducting  of  heat.  There  is  an 
experiment  eafily  made,  which  may  be  ufed  to  iHoK- 
trate  the  conveyance  of  heat  fuddenly  to  fome  diftance 
by  heated  air.  If  any  hot  piece  of  iron  or  ftcel,  (the 
point  of  a  large  pair  of  common  fnuffcrs  anfwers 
very  well)  be  covered  with  liquid  tallow,  in  which 
there  float  any  fmall  black  fubllances  to  JTiew  the 
motion  of  the  fluid  matter,  and  the  iron  be  then  fud- 
denly brought  in  conta<5t  with  the  flame  of  a  candle, 
;hc  portion  of  melted  tallow  next  the  candle  is  immc- 
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rii«dy  thrown  with  fome  violence  through  thecoUer 
Tallow,  probabiy  nearly  aa  the  heated  air  is  repelled 
from  the  hot  fubftance,  according  to  Mr.  Leflie*s 
hj^othefis.  Another  curious  circumftance  may  be 
remarked  in  the  fame  experiment  now  related.  If 
the  point  of  the  fteel  inftrument  be  retained  for  fotne 
time  in  contaifl  with  the  flame,  the  whole  of  the  flui4 
is  repelled  to  fome  diftance,  leaving  the  hotter  part 
of  the  iron  perfedly  uncovered. 

Bcfidesthcfc  confidcrations  which  muft  induce  us 
to  hefitate,  before  we  admit  as  proved  the  difcovery 
of  the  folar  calorific  rays,  there  is  another  faift  which 
feems  to  me  to  increafe  the  doubt  upon  this  fubjcAi 
Mcflrs.  Wollafton,  Ritter,  and  Bockman     havede- 
monftrated,  that  on  thcoppofite  fideofthefpedtrum, 
beyond  its  verge,  certain  fubftances,  as  muriate  of 
filvcr,  placed  there,  fufler  a  more  rapid  de-oxyda- 
tion  than  in  any  other  Situation.     From  whence  it 
it  inferred,  apparently  with  jufticc,  that  there  muft 
exift  in  this  fpace  fome  influence  connetfted  with  tlw 
folar  rays,  and  this  they  conceive  to  arife  from  fomfl^ 
other  invifiblc  rays  accompanying  the  common  ray*; 
but  differing  from  them  in   refraftion.    That  thele 
rays  are  not  rays  of  caloric  we  certainly  know.     Hue 
tfcey  arc  fuflicicnt  to  prove  that  all  the  folar  rays  are 
not  vifible,  and  that  the  quality  of  invifibilicy  docs 
notaflbrrffufficicnt grounds  for  denying  theprefence- 
ofrays  which  arc  not  heat,  and  which  may  thercfoi*  " 
ttiftin  the  calorific  rays  in  difpute.  ^' 

fo  been  obferved   that  a  ihermooKter  of 
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which  the  bulb'is  blackened  (hews  a  greater  incrcafc 
of  temperature  Mhen  ihc  calorific  rays  aredireded  to 
it,  than  a  iheimomctcr  with  a  ihining  bulb  docs  in 
the  lame  Htuation.  in  this  circuniftance  there  ap- 
pears much  analogy  wiih  light,  and  but  little  with 
hear.  Black  bodies  no  doubt,  and  dark  coloured 
bodies  in  general,  have  a  greater  power  of  abforbing 
light.  But  as  far  as  I  know,  it  has  never  yet  been 
aflcrted  that  caloric  fiiews  any  preference  to  parti- 
cular colours.  And  if  it  (hall  appear  by  further  ex- 
periments that  the  radiant  heat  follows  the  fame  laws 
in  abforptionas  light  docs,  we  (hall  have  ftili  further 
reafon  no  doubt  whether  the  calorific  rays  arc  pure 
heat. 

1  wifli  it  to  be  obfcrvcd  that  I  am  far  from  ob- 
jeding  to  the  truth,  or  undervaluing  the  merit  of 
Dr.  HerfchcU's  experiments.  I  have  only  endea- 
voured to  quefiion  the  certainty  of  an  indutlion  from 
thefe  experiments,  the  truth  or  falfchood  of  which, 
however,  does  not  necelTarily  aifed  that  of  the  ex- 
periments thcmfelvcs.  Or.c  may  be  induced  then, 
for  thcreafons  whichhave  been  alligned,  to  remain  in 
doubt  concerning  the  materiality  of  caloric,  and  cf- 
pecially  of  the  jufineft  of  the  recent  arguments  ad- 
duced to  prove  it.  Jt  may  be  allowable  tozffen  that 
there  arc  at  leaft  three  varieties  of  the  folar  ray : 
that  the  central  rays  of  the  fpcdrum  contain  vifibic 
light  and  heat ;  that  the  calorific  rays  contain  heat, 
but  not  vifibic  light ;  and  that  the  laft  difcovercd 
kirni  coatatn  neither  of  thefc.    Jt  may  be  aflcrted 
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that  there  are  altogether  nine  modifications  of  the 
fun's  beams,  each,  certainly,  in  fome  refpcfl  differing 
from  the  other.  And  fo  far  the  procefs  hai  not  de- 
parted from  the  road  of  fair  indudion.  But  when 
we  advance  beyond  thcfc  limits,  and  affirm  that  the 
calorific  rays  are  pure  caloric,  it  fcems  to  mcthatvrc 
prefumc  too  much  on  that  flender  knowledge  of  ca- 
loric, which  even  the  fuccefsful  labours  of  fome  of 
the  ableft  men  of  the  laft  hundred  years  has  procur- 
ed, ofthat  molt  difficult,  moR  curious,  and  yet  moft 
obfcure  fubjed.  Upon  the  whole,  the  hypolhefis  of 
ihc  materiality  of  heat,  which  can  be  fupported  by 
many  ingenious  arguments,  and  which  is  highly 
convenient  for  the  explication  of  various  chemical 
phenomena,  yet  fcems  to  want  fbmewhalof  the  clcar- 
nefs  of  complete  proof. 

Another  theory  has  reptefcnted  caloric  as  wholly 
immaterial,  and  as  confifting  of  certain  vibraiory 
motions  among  the  pvirticles  of  matter.  This  notion 
has  probably  taken  its  orif^in  from  the  obfervation  of 
a  very  common  ta<5i:,  that  all  folid  bodies  prcxiuce 
or  colleift  heat,  when  fubjeifted  to  friifiion.  in  fome 
cafes  this  produ<flion  ol  heat  is  accompanied  by  a 
change  in  the  fubll-tnce  producing  it,  as  wnen  iroa 
is  hammered,  as  it  mny  ciifiiy  be,  to  incandcfcence, 
which  can  only  bedonconce.  In  othercafes  this  does 
not  happen,  as  in  the  cafe  of  two  pieces  of  wood; 
which  will  become  hot  as  otten  as  cney  are  violently 
rubbed  againft  each  other.  Thefe  and  fimilar  fadix 
naturally  cnoujih  fuggcftcd  thu  theory,  that  caloric 
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it  not  maucr,  but  motion,  sn  opinion  which  cu  r 
aovong  lU  fupperters  fomc  of  the  hjghell  nainei  j 
modun  pbilofophy.  It  has  been  found,  howew 
extrcmeljr  diflkuk  to  csprcb  clvarly  the  nature  4 
ttut  motiQO.  It  certainly  does  not  extil  in  every  ij 
fiuice  in  which  ibe  particles  of  bodies  move  upon  e 
QtiKr.  It  is  not  every  motion,  but  a  motion  j 
getttris,  or  one  difterent  from  the  ordinal^'  motto 
qf  particles.  When  bodies  uniting  chemically  to- 
gether hare  ihcif  temperature  drminillied,  their  par- 
ticles ceruioly  move,  while  the  very  reverfe  of  heat  is 
produced.  Fluids,  however,  much  agitated,  do  not 
become  hot.  Yet  it  is  not  cafy  to  conceive  how 
fluids  can  be  fo  heated  without  internal  motion  of 
the  integrant  particles.  Nor  docs  it  appear  that  any 
heat  can  be  produced  by  agitating  gafeous  bodies. 
In  tbcfe  two  laft  inftances  it  has  been  fuppofed  that 
the  Don-produtJlion  of  caloric  is  owingtothccircum- 
flaiKe  that  there  is  too  little  frii^ion,  Fridion  is 
on  all  hands  admitted  to  excite  heat,  but  the  way 
in  which  it  does  this  is  not  fo  clear  ;  and  the  impof- 
fibiljty  of  producing  a  rife  of  temperature  by  mov- 
ing the  particks  of  fluids  is  a  confidcrable  difficulty 
in  this  cxplanationof  ihenatureofcaloric.  Whether 
0»c  particles  of  matter  no  w  here  touch,  but  are  fuf- 
laincd  at  a  certain  diftancc  from  each  other  by  the 
contrary  jiowcrs  of  atlradion  and  repulfion,  it  is 
difficult  to  decide ;  and  ftil!  more  abftrufe  is  the  qucf- 
tion,  whether pariitlc-5  in  fuch  a  fituation,  mutually 
change  their  relative  fituations,  or  perform  any  revo- 
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^^Inbos  around  a  common  or  peculiar  centre.  When 
ic  is  conftdcred  thai  it  has  puzxied  the  abloft  mathe*. 
maticians  of  E^iropc  to  determine  the  motion,  of 
three  particles  of  matter,  what  muft  the  difficulties 
of  an  inquiry  be  which  extends  to  a  fcries  of  thcfe 
minute  bodies.  To  much  more  numerous,  and  per- 
plexed ?  Yet  in  the  profpe<ii  of  the  poffibility  of 
aiiy  fuch  motions  exilling,  it  feems  impofTibJe  to  de- 
cide how  they  may  be  modified  or  combined  to  pro- 
duce the  phenomena  of  caloric.  If  pbilolbphy  (hould 
ever  be  enabled  to  illuminate  the  darknefs  of  fo  ob- 
fcureafubjcd,  it  is  perhaps  not  Ids  Likely  thaXthe 
motions  of  the  particlea  of  matter  amongft  each  other 
fhould  be  employed  to  illuRnite  the  nature  of  elc^ri> 
city  and  light,  than  that  of  heat.  The  chief  advan- 
uges  of  a  theory  which  fuppofes  caloric  to  be  motion 
are,  that  it  does  not  neceflarily  imply  the  materiality 
of  heat,  and  that  it  appears  readily  to  account  for  the 
incrcafe  of  temperature  produced  by  fritHiion.  The 
phenomena  of  latent  heat  have  been  fuppofed  to 
be  irrcconcileable  to  this  hypothcfis.  Latent  motion 
has  been  imagined  to  be  no  notion  at  all.  But 
nhileon  the  one  hand  there  is  the  ftrongeft  reafon  to 
doubt  whether  caloric  ever  exifts  in  more  than  one 
mode  when  it  is  contained  in  matter;  on  the  other 
hand,  the  motion  of  latent  heat  itfelf  is  not  perhaps 
altogether  incompatible  with  the  theory  in  difpuce. 
At  leaft  fome  of  its  advocates  are  of  fuch  an  opinion. 
There  is  (till  another  theory  of  the  nature  of  caloric 
not  te6  powCTJuiiy  fuppoiced  by  auihorit/  and  S»&h 
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than  any  ofthc  preceding.  This  hypothefis  afTum 
the  identity  of  fight  and  heat.  It  fuppofcsthat  light 
becoming  united  with  matter  exhibits  the  phe- 
nomena of  heat.  It  is  well  knowt\  that  all  folid 
bodies  fliinc  at  a  certain  temperature.  They  cannot 
by  any  means  be  heated  above  this  point  without 
fhining.  But  what  is  the  fource  of  this  light?  It 
docs  not  arifc  from  the  fire  employed.  For  hot  air, 
whichitfclf  is  wholly  invifible,  is  ycr  able  to  commu- 
nicate to  a  folid  body,  as  iron,  the  property  of  ema- 
nating light.  Nor  is  air  at  all  nccclTary  for  this  ef- 
feft,  finceiron  is  fimilarly  affcded  in  melted  lead. 
Neither  can  the  light  arife  fiom  the  ftiining  body 
iifclf.  For  if  this  tterc  true,  by  continuing  the  pro- 
cefa  fufficiently  long,  the  folid  fubltance  would  at 
laft  lofc  its  property  of  Ihining,  having  given  out  all 
its  (tockofcondenfcd  light.  But,  on  the  contrary, 
however  long  a  body  is  made  to  Ihine,  it  appears  ftill 
as  bright  as  at  firft,  even  after  an  interval  of  months. 
If  then  the  light  enmnaicd  from  a  hot  body  was  not 
contained  in  it  when  cold,  and  does  not  proceed  from 
the  fire,  at  leaft  in  the  form  of  vifiblc  light,  what 
other  fource  is  left  for  it  ?  Plainly  none,  unlefs  the 
caloric  of  the  air,  or  other  fubihnce  communicating 
heat  to  the  Ihining  body.  Whence  the  inference 
ihould  be,  that  caloric  of  a  fufficient  intenfity  is  ra- 
diated from  hot  bodies  in  the  form  of  light :  in 
Othcrwords,  that  liglu  is  caloric.  Heat  in  aimoft  all 
cafes  produces  light,  and  light,  in  return,  very  fre- 
guentty  produces  caloric.    If  inilcad  of  faying  fro* 
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<)uentlxt  we  were  borne  out  by  fads  to  (ay  alwayi^ 
there  would  remain  very  little  doubt  of  the  iden- 
tity of  light  and  heat.  But  this  theory  does  not  want; 
more  than  thofe  already  dated,  its  own  fliare  of  dif- 
ficulties.    It  has  not  been  found  poflible,  hitherto^ 
to  heat  gafes  to  the  fliining  point.     But  thefe  bodies 
ought  to  ihineas  well  as  others^  if  heated  to  the  pro. 
per  degree.     Whether  they  require  a  wcry  high  tenu 
perature  to  enable  them  to  ihine, .  and  are  merely  to 
be  confidered  as  bad  radiators  of  heat  or  lights  fu«» 
ture  experiments  muft  determine.    It  is  clear,  how- 
cver^  from  the  ingenious  experiments  of  Mr.  Leflie^ 
that  bodies  do  vary  in  that  quality  \cry  much  from 
each  other.     On  the  other  hand,  though  the  folar 
beam,  and  the  rays  of  terpeftrial  fires,  excite  heat  is 
the  bodies  on  which  they  fall,  the  rays  of  the  mooa 
can  by  no  means  be  (hewn  to  produce  a  fimilar  efieA« 
This  has  been  attributed  to  the  extreme  tenuity  c( 
the  lunar  rays,  which  are  fuppofcd  to  be  many  thou** 
fand  times  more  rare  than  thofe  of  the  fun.  Whereas^ 
the  higheft  powers  of  convex  lenfes  have  not  been 
able  to  concentrate  thefe  rays  fo  much^  as  to  rcxu^ 
der  it  likely  in   theory   that  heat  ihould  be  fo  pro« 
duced. 

If  thefe  two  objedions  could  be  obviated,  thehy* 
pothe(is  of  the  identity  of  light  and  caloric  would 
be  con(idered  as  the  moft  probable  yet  propofed^ 
concerning  the  nature  of  caloric. 
:  Thsfe.cre  the  principal,  or  moft  probable  theories, 
vhich  profels  to  explain  the  phenomena  of  head 
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From  tViC  number  of  argumentswhichcanbcaddua 
for  the  fupport  of  each,  one  inference  may  be  nor  u 
fairly  drawn :  That  philofophers  are  yet  very  far  froi 
being  completely  acquainted  with  the  intimate  mtui** 
of  ihefubjeift  of  the  pre  fern  inquiries,  and  that  none  of 
the  hypothefcs  is  free  fromfolidobjctftions.  In  rea- 
lity, the  fubjcifl  is  by  no  means  completely  invefti- 
gaicd.  But  though  the  caufe  thus  eludes  our  efforts, 
confidcrable  progrefs  has  been  made  in  arranging 
and  explaining  the  fatits  ;  many  curious  and  import- 
ant phenomena  have  been  difcovcrcd  and  invetVi- 
gatcd,  and  chemiftry,  with  its  dependant  arts,  has  re- 
ceivsd  folid  benefits  from  the  experiments  and 
rcfearchcs  which  have  been  undertaken  for  the  pur- 
pole  of  eftablilhing  or  confuting  one  or  other  of 
thefe  theories. 

The  produ(5lion  or  CDlle<flion  of  caloric  by  friftion 
is  an  extremely  curious  phenomenon.  In  thofc  cafes 
in  which  the  bfxiy  remains  unaltered,  as  to  what  is^ 
termed  its  capacity  for  heat,  and  in  thofc  where  itH 
does  not  affeifi:  the  fVate  of  the  atmofphcric  air, 
there  arc  great  difficulties  in  everyway  of  account- 
ing for  the  rife  of  temperature.  Count  Rumford 
has  fliewn,  that  iron,  expofed  to  violent  fridion,  will 
become  exceedingly  hot,  even  under  water,  though 
there  appears  no  cooling  of  the  furrounding  bodies. 
Caloric  indeed  may  be  here  faid  to  have  flowed  ijt 
from  the  furrounding  matter,  the  place  of  each  por- 
tion being  immediately  fupplied  by  the  caloric 
behind,  in  a  itmikt  manner  to  that  by  which  water 
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rufliet  to  icplace  any  portion  removed^  eich  paiti^ 
cleaccupgruig  rucceflively  the  iicuation  of  that  bc« 
kgc  k.  In  this  cafe  caloric  may  be  fuppofed  to  be 
odUeAed  by  fridion^  as  cledricity  is  on  the  Ibrfiure 
ofghfs  and  other  cledrics  by  fimilar  meam.  It 
m^ht  becurkms  and  would  not  probably  be  very 
difficult  to.  try  whether  the  condu&ing  powers  oC 
bodies  /or  caloric  have  any  relation  to  the  incaeafe 
of  cheir  temperature  by  fridion«  I^rhaps  if  a  bodf 
could  be  as  completely  infulated  from  caloric,  as  ic 
cah  be  ftom  dc&nciiy^  fridUon  would  not  heat  it. 

Although  it  may  be  difficult  to  point  out  with  due* 
precifion  the  exadl  nature  of  the  fuppofed  motion 
amongft  the  particles  of  bodies  which  produces  the 
phenomena  of  caloric,  yet  we  are  ftill  too  little  ac« 
quainted  with  the  properties  of  matter  to  be  able  to 
deny  the  poffibility  of  fuch  a  motion.  It  is  gene- 
rally fuppofed,  that  the  ultimate  particles  of  ^bodiet- 
do  not  touch  each  other,  for  proof  of  which  ^  is 
aflumed  that  almofl:  all  fubftances  contraA  their 
bulk  when  their  temperature  is  diminifhed.  But  if 
the  particles  of  matter  were  already  in  adual  con- 
taA,  they  could  not  approach  any  nearer  to  each 
<Kher.  And  as  the  definition  of  an  ultimate  particle 
fuppofes  a  portion  of  matter  which  no  longer  admits 
of  devifion  or  penetration,  the  particles  themfelvts 
cannot  be  fuppofed  to  dilate  or  contnufl  their  dU 
menikms.  Hence  arifea  the  inference  that  the  par* 
tic^  of'  bodies  do  not  touch  each  other. ,  In  this 
aigument,  however^  there  are  fome  objedionabic 
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points.  The  definition  of  a  particle  which  denii 
the  pofHbiliiy  of  its  contracHon  or  dilation  is  itfe 
without  proof,  and  h  moreover  not  very  fufceptil 
of  any.  It  cannot  be  a  very  cafy  talk  to  flicw  that 
there  are  ultimate  panicles  which  arc  not  themfelvcs 
diftenfible  by  caloric,  but  amongft  which  this  fub- 
ftance  or  quality  penetrates,  and,  cither  by  its  che- 
mical or  mechanical  power,  feparates  them.  But  even 
if  this  were  granted  to  be  true,  it  docs  not  fcem  a  ne- 
celfary  confcquencc  that  the  particles  do  not  touch. 
It  certainly  muft  follow  that  they  do  not  touch  at 
•very  point.  It  is  probable,  however,  that  a  partial 
contact  of  particles  might  be  made  to  agree  tolerably 
vdl  at  once  with  the  expanfion  of  bodies  by  heat,  and 
■with  the  impenetrability  of  the  particles  ihemfelves. 
The  conucxitin  between  caloric  and  light,  if  in> 
deed  thefcare  diiferenl  bodies,  is  very  obfcure.  But 
it  is  well  known  that  moll  bodies  fhine,  that  is, 
emil  rays  of  light,  very  copioufly  at  an  elevated 
temperature.  It  has  been  an  objc(3:  of  curioliiy  to 
afccrtain  the  point  of  the  thermometer  at  which  this 
takes  place.  But  in  temperatures  fo  high  the  mer- 
curial thermometer  cannot  be  applied  for  obvious 
reafons.  To  fupply  this  deficiency  a  rule  was  pro- 
pofed  by  Sir  Ifaac  Newton  for  calculating  the  pro- 
grefs  by  which  hot  bodies  cool,  and  thence  deducing 
the  temperature  at  any  period  in  the  procefs.  That 
iilutirious  philofopher  imagined  that  the  heat  loft 
by  any  body  at  a  very  high  temperature  in  equal 
fjT.all    times  aic  as  the   heat  exjding  in    it,    rcc- 
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koning  the  heat  in  the  body  equal  to  its  exccfs  above 
that  of  the  atmofpheric  air  in  ift^hich  it  is  placed. 
That  h  to  fay«  taking  the  times  in  arithmetical  pro- 
'greflion^  the  portions  of  heat  loft  in  thcfe  times 
would  be  in  a  geometrical  one.    Thus  if  the  body 
were  64<>  hotter  than  the  air,  and  in  the  fpace  of 
five  minutes  loft  32  degrees;  in  the  next  five  minutes 
it  would  lofe  16* ;  for  64  :  32  : :  32  :  16.  And  in  the 
five  minutes  before  the  application  of  the  thermometer 
it  would  lore64°;  for  16  :  32  : :  32  :  64:  In  -the 
fame  manner  if  a  body  j  80^  above  the  heat  of  th/e  air 
were  obferved  in  five  minutes  to  lofe  6o»j  or  was  only 
120^  above  the  temperature  of  the  air,  in  the  next 
five  minutes  it  would  lofe  lefs  in  the  proportion  of 
I  to  :  120:  that  is  400,  and  the  %vhoIe  heat  now  re- 
maining will  be  8a>.     In  the  next  five   minutes  it 
would  lofe  lefs  in  the  proportion  of  1 20  to  80,  or 
26^*    And  in  the  Ave  minutes  prior  to  the  firftob. 
fervation  it  would  lofe  a  quantity  greater  r^n  6o^» 
in  the  proportion  of  1 20  :  1 80  or  90,  and  in  the  five 
minutes  preceding  it  would  lofe  180  :  270,  or  135^ 
and  fo  on.     Now  26^,  40,.  60,  90,  135,  are  terms 
in  geometrical  progreflion.  This  is  a  moft  ingenious 
method  of  determining  thofe  very  high  temperatures 
to  which  no  thermometer  can  reach,  and  it  is  found 
by  adlual  experiment  to  agree  very  nearly  with  the 
phenomena,  the  differences  not  being  greater  than 
muftarife  frdm  unavoidable  inaccuracies.  The  prin* 
ciple  however  i^  affumed.    This  method  is  of  con« 
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fiderable  praiflical  utility,  and  was  firft  applied* 
Dr.  Irvine  to  calculate  the  heat  loR  during  the  fil 
minute  in  experiments  for  determining  the  abfolutc 
heat  of  bodies. 

It  is  nor,  however,  free  from  objeftions  ;  for  if  the 
law  of  the  dccreafe  of  heat  was  fuch  that  the  degree* 
of  heat  loll  were  as  the  heat  fubfifting  in  it,  a  body, 
though  confbntly  cooling,  would  never  arrive  at 
tbe  temperature  of  the  furrounding  medium.  For 
if  the  degrees  of  heal  loft  in  equal  times  be  S,  4,  2,  i, 
then  according  to  the  hypothefts  the  order  of  cell- 
ing after  this  would  be  ^,  -i-,  i,  ^,  -^  in  infinitum. 
But  as  we  find  that  a  body  cooling  in  a  very  Itttte 
time  arrives  at  the  temperature  of  the  air,  this  cannot 
be  the  cafe. 

!>,  Martin,  from  a  number  of  experiments,  is  of 
opinion  that  the  law  of  decreafe  of  heat  is  cottC' 
pounded  of  two  fcrics  :  in  the  one,  and  that  in 
neral  of  much  the  grcatcft  confrquence,  they  ari' 
always  in  proportion  to  the  heats  thcmfclvcs,  or  in 
a  geometrical  progrclTion  as  in  Sir  Ifaac's  theory. 
While  in  the  other  fcries,  indeed  the  leaft  materia!, 
the  decrements  are  as  the  times,  or  always  uniform, 
that  is,  equal  quantities  of  heat  are  loft  in  equal  times. 
This  law  of  the  dccreafe  of  heat  is  the  fame  with  that 
of  the  retardation  of  aheavy  body  afcendingpcrpen- 
diculariy  in  a  medium  which  rcfifts  ic  in  proportioif 
to  its  velocity. 
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*  .  But  thou^  the  Newtonian  theory  be  liable  to 
thcsfe  objeAions^  of  which  its  illuftrious  author  <r<iijUI 
IMC  be  fenifble^  yet  he  never  intended  riiat  it  ftoold 
be  applied  to  determine  the  law  df  the  cooHiig  of 
bodies  near  the  teniperature  of  the  air.  He  propelfed 
it  only  fot  afcertaifffng  great  heats  out  of  the  ftach 
lof  tbe  thermometer,  and  for  this  purpoie  it  anfwMt 
perfeAly  wdl.  The  improvement  of  Martin  doet 
not  TkfkA  this  computation.  Iti  high  tempermoMI 
a  few  degrees  of  error  are  of  fmall  impoit  in  the  ttA^ 
ciriation,  iince  the  miftake  of  a  fecond  or  half  a  Sn 
cond  in  the  times  would  aflfedt  it  much  more,  and ' 
this  method  has  the  further  difadvants^e  ofrequir^^ 
ing  a  troubfefome  computation. 

Sir  Ifaac  Newton  calculated  according  to  his  own 
hypothelis  various  temperatures  above  the  reach  of 
the  mercurial  thermometer.  He  found  that  iron  is 
juft  vifible  in  the  dark  at  635*  of  Fahrenheit ;  that 
it  {hines  ftrongly  at  751^;  that  it  is  luminous  in  the 
twilight  at  SSV" ;  and  that  when  it  ihines  in  day  light 
its  temperature  is  above  looo**  Dr.  Irvine  turned 
tome  attention  to  the  inveftigation  of  this  fubje<9:, 
and  obtained  refults  differing  a  little  from  thofe  of 
his  illuftrious  predeccflbr^  employing  another  me» 
thod  of  arriving  at  the  fame  pointy  founded  on  the 
dodrines  of  heat  propofed  by  Dr.  Black.  He  Ob- 
fervcd  that  the  point  6350,  at  which  Sir  Ifaac 
imagificd  bodies  to  (hihe  in  the  dark,  leemed  not  to 
ht  fkr  firom  ibe  truth;    For  merbury^  which  boita 
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nearly  at  this  temperature  requires,  about  a  red 
to  make  it  dtttd.  But  according  to  fome  cx| 
jncnts  which  he  made,  the  degree  of  heat 
bodies  appear  lurrinous  falls  forrcwhat  hig 
found  that  with  a  mercurial  thernionicter  mod  ac- 
curately graduated,  mercury  boils  at  673°.  He 
next  proceeded  to  try  \\hcihcr  boiling  mercury 
fhone  in  the  dark;  every  precaution  was  taken  to 
enfure  the  accuracy  of  the  experiment.  In  order  to 
make  the  determination  accurate,  proper  aJliflants 
■were  procured,  fome  of  whom  were  placed  in  a 
room  pcrfedlydark,  in  which  they  remained  for  fome 
lime  that  the  eye  might  become  as  fenfible  as  poITi- 
ble.  The  room  communicated  with  another  by  a 
hole  in  the  wall  with  fevcral  turnings,  fo  that  no  ray 
oflightcould  pofTibly  pafs  from  the  one  apartment  to 
the  other.  Through  this  hole  the  mercury  \ihich  was 
boiling  in  the  light  room,  was  handed  into  the  dark 
one,  for  examination  of  its  power  of  emitting  rayi 
of  light,  but  it  could  not  be  at  all  perceived.  From 
this  it  was  inferred  that  the  fhining  point  was  above 
672°.  The  means,  however,  of  determining  whether 
a  body  fliincs  or  not  at  a  certain  temperature  arc  not 
perfciil.  The  only  celt  of  accuracy  is  the  human 
eye,  and  It  is  well  known  that  different  eyes  vary 
very  much  from  each  other  in  their  power  of  vifion, 
and  even  the  fame  eye  at  different  times  and  in  \3t- 
/iou»  circumftances.  When  the  mercury  at  672? 
was  introduced  into   the  dark  room,  although 
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perfons  prefent  did  not  (ce  it,  a  cat^  which  was 
thcre^  feemed  to  have  fome  perception  of  it^  walking 
round  the  veflel  in  which  it  was  contained.  Thk 
however  might  have  been  a  feeling  of  heat  as  much 
as  a  perception  of  light.  The  mercury  in  the  ther- 
mometer may  be  fuppofed  not  to  be  a  perfedly  ac- 
curate meafure  of  the  degree  of  heat  at  which  mer- 
cury boils,  on  account  of  the  irregular  expaniiona 
of  moft  bodies  at  high  temperatures.  But  it  ap*- 
pears  a  perfedly  fair  and  reafonable  indu&ion  that  at 
whatever  degree  of  the  thermometer  mercury  boils» 
the  luminous  point  muft  be  fomewhat  higher^  at 
lead  of  that' body,  and  probably  alfo  of  all  others, 
iince  .there  feems  reaibn  to  believe  that  this  effeA 
of  heat  is  produced  in  all  bodies  that  are  capable  of 
it  nearly  at  the  fame  degree. 

Since  then  it  appears,  that  635**  propofcd  by  Sir 
Ifaac  Newton  is  too  low  for  the  point  of  vifibility 
in  the  dark,  it  became  an  objed  of  fomc  curiolity- 
and  importance  to  arrive  at  a  more  accurate  deter- 
mination. Dr.  Irvine  found  by  numerous  experi-* 
ments,  that  equal  bulks  of  iron  and  water  of  different 
temperatures  being  taken,  and  the  iron  immerfed  in 
the  water,  the  new  temperature  is  nearly  the  mean 
between  the  former  ones.  He  heated  iron  of  a 
known  bulk  to  a  proper  degree,  it  was  then  intro- 
duced into  the  dark  apartment  through  the  orifice 
already  defcribed^  and  it  was  allowed  to  cool  till  it 
juft  difappeared.  At  that  moment  it  was  dropped 
into  water  of  a  given  bulk  and  temperature^  and 
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the  heat  was  obfervcd  which  it  communicared  to  the 
water.  If  the  quantity,  by  bulk,  of  water  was  ten 
times  greater  than  ihar  of  the  iron,  he  computed 
that  the  iron  had  been  ten  times  hotter  than  the  heat 
which  it  imparted  to  the  water.  That  is,  if  the  water 
had  gained  one  degree,  that  the  iron  muft  have  loft 
ten  degrees ;  or  in  other  words  let  the  water  be  taken 
as  ten  and  the  iron  as  one,  and  for  every  degree  given 
to  the  water  allow  ten  degrees  to  have  been  in  the 
iron.  Proceeding  in  this  manner.  Dr.  Irvine  made 
many  experiments  to  afcertain  the  luminous  point, 
but  I  have  not  been  able  to  learn  accurately  the  nu- 
merical refult. 

In  a  fimilar  way  he  made  many  trials  of  the  heat  of 
a  common  coal  fire,  by  examining  the  temperature 
of  a  piece  of  iron  which  had  been  allowed  to  re- 
main in  it  for  a  confidcrablc  rime.  In  no  lefs  than 
twenty  fuccefTivc  experiments,  inftituied  to  afcertain 
this  point.  Dr.  Irvine  never  found  the  refult  higher 
than  796°,  or  lower  than  790°.  This  coincidence, 
which  in  experiments  of  this  kind  is  truly  remark- 
able, may  be  regarded  as  nearly  cxaift,  and  adds 
much  to  the  probability  of  the  juflnefs  of  the  me- 
thod employed.  The  fourccs  of  inaccuracy  alfb  Iccm 
chiefiy  to  have  been  fuch  as  rather  lower  the  refult. 
Such  for  example  as  the  fteam,  which  might  be 
formed,  the  heat  ncceffary  for  which  ought  to  have 
been  added  to  raife  higher  the  fhining  point.  Such 
errors,  however,  in  carefully  condu(5ted  experiments, 
are  not  fo  great  as   might  be  cxpeifted,  as  will  in 
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fome  meafure  appear  from  fome  calculations  in 
the  third  part  of  thefe  Effkys,  concerning  fimilar 
lofles  by  fteam.  Dr.  Irvine^  by  varying  his  experi«. 
nehts^  illull  rated  the  degree  of  accuracy  to  be 
attributed  to  this  method.  He  determined  the  melt- 
ing point  of  lead  by  the  mercurial  thermometer  to 
be  594\  He  allowed  a  piece  of  red  hot  iroii  to 
cool  till  it  was  jufl  hot  enough  to  melt  a  piece  of 
lead  put  upon  it.  and  then  trying  its  tempeiature  by 
immerfion  in  water,  he  found  it  not  above  a  degree 
different  from  the  thermometrical  determination. 
In  oppofition  .  to  thefe  concurring  circumftances. 
there  is  only  one  reafon  for  fufpe&ing  the  point  to 
be  too  high ;  that  is,  becaufe  when  any  fubftanee  ac- 
quires foftnefs,  it  tends  to.  fluidity,  and  abforjbis  latent 
heat.  Butf  fter  all  allowances  for  this  foftneik  the  point 
of  ignition  cannot  be  reckoned  lower  than  780% 

Dr.  Irvine  employed  this  fame  procefs  to  afcertaiti 
many  lower  degrees  of  temperature,  fuch  as  the 
melting  points  of  tin,  zinc^  &c.  And  he  continued 
Co  remark  a  furpriling  and  gratifying  ..coincidence 
between  the  refiilts  thus  obtained  and  the  &me  pcnnts 
when  he  examined  theari  by  the  teft  of  the. mercurial 
thermometer.  There  feldom  appeared  more  than 
three  or  four  degrees  of  difference  between  the  two 
modes  of  obfervation  and  computation. 

Caloric  is  well  known  to  have  a  ftrong  tendency 
to  diffiife  itfelf  in  all  diredions,  nor  can  k  be  vc^ 
tained  in  any  body  otherwife  than  by  the  juxu^pofi- 
tion  of  other  fufaAtmces  ftill  more  loaded  with  heat. 
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Although  caloric  has  been  clearly  proved  not  to  ento 
into  all  bodies  with  equal  facility,  or  in  the  fair 
quantity,  yrt  a  hot  and  a  cold  fubftancc  in  the  in 
mediate  vicinity  of  each  other  very  fpecdily  acqu 
the  fame  temperatures  This  property  has  been  dif- 
tinguillied  by  the  name  of  the  equilibrium  of  heat, 
and  various  attempts  have  been  made  in  this  ifland 
and  by  our  continental  neighbours  to  invent  fome 
hypolhciis  which  might  afford  an  explanation  of  it. 
Caloric  has  been  fuppofed  to  be  a  fluid  of  a  very  fub- 
tle  nature  pervading  all  matter,  as  water  penetrates 
the  vacuities  of  afponge;  and  hence,  when  accumu- 
lated in  larger  quantities  in  any  particular  body  than 
in  thofc  furrounding  it,  that  there  was  a  tendency  in 
the  caloric  to  flow  out  of  the  hot  body  into  the  colder 
ones.  This  tendency,  however,  certainly  cannot  be 
fuppofed  to  differ  from  an  adting  force;  for  if  heat 
be  accumulated  in  any  body  it  ought  to  remain  there 
for  ever,  unlcfs  either  attraiftcd  or  repelled  from  its 
fituation.  The  cafe  of  a  fponge  floating  in  water, 
ufed  for  the  illuftration  of  this  opinion,  undoubtedly 
fuppofea  a  pofitive  power.  For  if  water  could  be 
accumulated  in  the  fponge,  it  would  only  leave  that 
body,  being  attradled  by  other  bodies,  or  by  the  gra- 
vity of  the  earth,  or  by  fome  fuppofed  elafticily  of 
its  own  fubftance.  This  theory  was  altered  and  ex- 
plained by  Pi<fl:et  and  others,  «'ho  attributed  to  the 
particles  of  caloric  the  power  of  repelling  each  other, 
which  repulfion  incrcafes  dirciflly  as  the  diftance  di- 
minilhes  between  the  particles.    From  this  it  follows 
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that  caloric  is  retained  by  one  force,  that  of  the  at-p 
tradion  of  the  body  in  which  it  it  contained^  and 
that  it  is  difcharged  by  another,  that^  to  wit,  of  the 
mutual  repulfion  of  the  particles  of  caloric*    Oin* 
fequently  when  two  equal  bodies  are  placed  in  the  vi-» 
cinity  of  each  other^  and  the  force  of  the  attraftion 
of  one  for  heat  plus  the  repulfion  of  the  particles  of 
caloric  in  the  fecond,  equal  the  force  of  the  attiac* 
tion  of  the  fecond  for  heat,  plus  the  repulfion  of 
the  firft;  thefe  two  bodies  will  not  communicate 
heat  to  each  other,  that  is  to  fay,  they  are  of  the  fame 
temperature.    Another  opinion  is  that  of  Prevofi; 
who  dropping  the  conlideration  of  the  attradion  of 
bodies  for  caloric  altogether,  attributes  the  equili- 
.  brium  of  heat  folely  to  the  repulfion  between  its 
particles^  or,  as  it  is  now  ufual  to  ftyle  it^  to  the  »••- 
diation   of  caloric.     This  radiation  is  inugined  to 
be  greater  or  lefs  exadlly  as  the  temperature  is  higher 
or  lower.   Bodies  therefore  mutually  heat  each  other^ 
and  temperatures  are  determined  by  the  difl!erence 
between  the  rays  given  out  and  thofe  received.  Hence 
clearly  an  equilibrium  of  caloric  muft  arife.   But  this 
theory  feems  to  me  wholly  inconfiflent  with  the  well 
afcertained  fad  that  hot  bodies  cool  flower  in  a  va^ 
cuum  than  in  the  open  air.     Caloric  therefore  muft 
be  conduded  from  one  body  to  another,  not  by  nu 
diation  only,  and  bodies  muft  ftill  be  allowed  to 
condud  caloric  from  each  other  without  the  inter- 
vention  of  radiation. 
This  theory  of  Prevoft  has  much  analogy  with  the 
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ingenious  Hutton's  opinions  on  the  fame  fubji 
Dr.  CIcghorn  alio  appears  to  have  viewed  rhe  pi 
nomcna  of  caloric  in  a  manner  extrcmciy  fimilar 
ihc  hypoihcfis  of  Pidet.  Upon  the  whole,  it  may  be 
rcnurked.  that  none  of  thcfe  theories  are  of  cxtretncly 
recent  invention,  unlefs  in  fome  few  points,  where 
adduions  or  corrections  have  been  made.  The  laft 
hypothecs,  which  would  attribute  the  whole  motions 
of  caloric  to  radiation,  has  been  lately  oppofed  in  a 
foies  of  new  experiments  by  Mr.  Leflie.  In  parti- 
cular, he  has  obferved  that  the  agitation  of  the  air 
through  which  the  caloric  is  radiated  very  much 
impedes  its  progrefi,  a  fad  correfponding  with  his 
own  opinions  and  illuflrative  of  the  carrying  power 
of  air,  but  not  eaRly  rcconcilcabte  with  theprcvioufly 
entertained  ideas  of  radiation.  On  this  fubjeift  how- 
ever it  is  perhaps  not  yet  pofTible  to  decide  with 
propriety  till  other  philofophers  have  repeated  thefe 
rxperimcmta  rnuij,  or  till  the  adherents  of  the  dotftrine 
of  radiation  have  had  time  to  inrtiiutc  other  trials 
lo  determine  the  truth  of  thefe  new  opinions. 

if  it  fhould  be  allowed  that  ever)*  additional  dole 
pf  caloric  with  which  any  body  combines  ts  held  bj 
a^weakcr  alBnily  than  that  before  admitted,  whkh 
muft  be  true  if  the  chemical  union  of  heat  with 
ntttcrbe  granted  at  all,  and  if  the  particles  of  caloric 
icpCl  mutually  the  more  ftiongly  as  they  approach 
nearer  to  each  other,  a  queflion  arifes,  can  caloric 
be  added  to  any  body  ad  iitfiniium?  Are  there  any 
te^V"  C*^  ynfliM^- ■"f*'"'raMnnt  nf  tcoipcnturc  2 
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It  appears  reafonablc  to  fay  that  there  muft  be  a 
limit.  For  the  attradlion  of  the  body  for  caloric  is 
condantly  diminiihing,  and  the  repullion  *  between 
the  particles  of  caloric  as  conftantly  incrcafing.  That 
is  to  fay  the  means  which  enable  the  body  to  take 
in  caloric^  are  taken  from  it  gradually^  and  the 
power  of  the  caloric  to  efcape  from  confinement  are 
progreflively  enlarged.  There  muft  therefore  be 
fome  point  at  which  no  more  heat  can  enter,  Ibme 
point  at  which  an  equation  ihall  be  eflabliflied,  the 
two  oppofite  forces  mutually  balancing  each  other. 
A  body  at  this  temperature  can  no  longer  admit  heat, 
and  cannot  even  be  retained  at  the  fame  point,  unlefs 
all  other  bodies  were  equally  warm.  For  thoqgh  fur- 
rounded  by  any  number  of  equally  hot  fubftances, 
if  there  exifted  one  cplder  body  without  the  circle^ 
the  caloric,  however  gradually,  would  infallibly  be 
difperfcd  in  that  diredtion.  It  does  not  feem  likely 
that  any  pradlical  ufe  could  be  made  of  this  in<^ 
ference,  admitting  it  to  be  juft.  If,  however,  any 
experiments  could  be  dcvifed,  by  which  there  could 
be  determined  the  ratio  in  which  the  attradlion  of 
any  body  for  fucceflivc  dofes  of  caloric  diminifiies, 
and  on  the  other  hand  the  ratio  in  which  the  mu- 
tual repulfion  of  the  particles  of  caloric  increafes, 
perhaps  we  might  be  enabled  to  calculate  the  higheft 
degree  of  heat  to  which  that  body  would  be  raifed 
under  the  influence  of  thefe  two  powers.  A  third 
power,  no  doubt,  might  be  conceived  to  poffefs  fome 
Ihare  in  the  arrangement.  I  mean  the  force  by 
which  caloric  mijght  be  repelled  from  a  very  hot 
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ilil-fiancp  into  one  at  a  lower  temperature,  the  Ilroiig 
rcpuifion  of  the  caloric  in  the  hot  body  overcoming 
part  of  the  weaker  rcpuifion  of  the  cooler.  This, 
however,  would  have  its  limits,  which  might  be  de- 
termined on  the  fame  principles  as  before  mcnrioncd. 
If  wc  could  conceive  caloric  to  be  fo  condenfcd  that 
its  repulfivc  powers  would  exceed  thofe  of  the  ca- 
loric in  a  body  at  the  highcfl:  degree  of  heat,  com- 
puted as  has  been  prcpofcd,  a  body  furrounded 
by  fuch  caloric  would  bi:  forced  to  admit  it  in 
greater  quantity,  and  by  thus  fuppofing  a  priori 
that  caloric  is  fo  condetifed,  there  would  be  no  limit 
of  the  entrance  of  heat  into  a  body.  If,  however, 
the  rcpuifion  of  the  particles  of  caloric  increafe 
inverfcly  as  the  fquares  of  the  diftances,  or  in  any 
other  ratio,  the  condenfaiion  of  caloric  mufl:  have 
a  limit,  and  nothing  would  account  for  a  higher 
temperature  but  the  gratuitous  fuppofition  of  a 
body  already  fo  heated  by  unknown  means. 

If  there  were  any  ccitain  foundation  for  fuch  a 
calculation  as  has  been  now  imr.gmcd,  which  I  am 
far  from  fuppofing  to  be  the  cafe,  it  would  be 
polTible,  by  inverting  the  proccfs,  to  determine  alfo 
the  iowcft  degrc«  of  heat  to  which  any  body  could 
be  cooled.  But  even  if  all  this  were  juft  in  theory, 
there  would  be  little  reafon  to  hope  that  we  IhouM 
ever  be  enabled  to  procure  pradical  refutts,  or  to 
compute  with  due  accuracy  either  the  ratio  according 
to  which  bodies  have  their  attradion  for  caloric  di- 
minilhed,  or  that  by  which  the  particles  of  caloric 
procvcd  to  incrcale  their  rcpuifion  for  each  other. 


ESSAY  IL 


0^"  SOME  OF  THE   PRINCIPAL  DISCOVERIES 
MADE  BY  HELP  OF  THE  THERMOMETER. 


JNo  branch  of  hutnm  kiowlcdge  his  received 
more  extenfive  additions  from  the  invention  and 
ufe  of  an  inftrument  calculated  to  facilitate  and  im* 
prove  the  methods  of  obfervation  than  the  fcfence 
of  heat  has  derived  from  the  employment  of  the 
thermometer,  under  the  influence  of  which  the  pro- 
grefs  of  this  department  of  philofophy  has  been 
wonderfully  accelerated,  and  the  theories  of  the  na. 
ture  of  caloric  fubjedled  to  the  ordeal  of  a  feverc 
and  accurate  reference  to  experiment.  The  proper- 
ties of  caloric  indeed  were  little  attended  to  or 
underftood  before  the  invention  of  thermometers. 
All  that  was  known  concerning  it  was  derived  from 
(h^  <)bf!Prvsitioii  qf  its  cffedts  upQ(i  the  human  body } 
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a  fource  of  knowledge  liable  to  great  inaccuracies 
from  various  caiifcs.  The  fame  fubftatice,  by  a  very 
fimple  experiment,  may  be  made  to  appear  hot  to 
one  hand,  and  cold  co  the  other.  And  in  many  dif- 
cafcs,  where  the  patient  has  a  ftrong  fenfation  of  cold, 
it  frequently  happens,  that  the  body  is  then  warmer 
than  it  ever  is  in  a  healthy  fhtc.  The  very  feiife  of 
feeling  too  is  liable  to  be  dcftroycd,  at  a  tempcmture 
a  little  above  or  a  few  degrees  below  that  of  the  hu- 
man body.  Hence  all  fuch  obfervations  arc  necef- 
farily  confined  within  thcfe  limits.  This  meafure 
of  caloric,  therefore,  is  merely  relative;  whatever  is 
warmer  than  the  body  at  the  time  appearing  hot  to 
it,  and  whatever  is  colder  appearing  cold.  And  as 
the  heat  of  the  hand,  the  principal  organ  by  which 
determinations  of  this  kind  arc  made,  is  perpetually 
varying,  the  fubftancc  c^amined  is  pronounced  hot 
at  one  time  and  cold  at  another,  though  its  tempera- 
ture be  really  the  fame  in  both  cafes. 

The  invention  of  the  thermometer  fuperfcdcd  all 
the  former  vague  and  uncertain  methods  of  efti- 
mating  the  degrees  or  qualities  of  caloric.  It  (hewed 
that  all  kinds  of  heat  were  the  fame,  and  differed 
from  each  other  only  in  itiienfity,  an  opinion  verydif- 
iimilar  to  that  entertained  formerly,  when  the  grandeur 
or  bafencfs  of  the  fource  was  fuppofed  to  influence 
and  alter  the  nature  of  caloric  iifclf.  Expcrimetita 
alfo  made  in  one  country  could  be  repeated  arid 
extended   in    another,    when  the  thermometer  wa« 

ipdoycd;  and.a  degree  of  accuracy  \(as  introduce 
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into  the  philofophy  of  heat^  of  ^hich  the  fubjeifl  had 
not  been  imagined  to  be  fufceptible.  For  the  con* 
-flrudion  of  thefe  inftruments^  after  various  trials,  the 
preference  is  now  given  to  mercury ;  a  fubflance  which 
does  not  freeze  but  with  extreme  cold,  nor  boil  till 
raifed  to  a  very  high  temperature,  affording,  thereby, 
an  extended  interval,  for  the  menfuration  of  the  de« 
grees  of  caloric.  Its  cohcfive  attra<Slion  moreover 
being  ycry  great,  it  is  free  from  the  inconvenience 
pf  adhering  to  the  fides  of  the  glafs  tube.  Befides 
which,  its  e^cpaniions  have  been  proved,  by  the  ex* 
periments  of  Black,  De  Luc^  and  Crawford,  to  bc^ 
within  certain  limits,  the  bed  meafure  of  heat  that 
we  arepofiefled  of;  that  is  to  fay,  it  expands  equally 
with  equal  increments  of  temperature.  Not  that  it 
is  entirely  or  perfedly  accurate,  but  that  it  approaches 
accuracy  nearer  than  any  other  known  fubftance, 
and  that  within  the  limits  of  its  intermediate  expan- 
iions,  and  avoiding  the  temperatures  which  border 
on  its  freezing  and  boiling  points,  its  errors  are  pro- 
bably not  of  great  pradlica}  confequence.  ^ 

The  computation  of  degrees  ought  to  begin  from 
the  natural  zero  or  point  of  privation  of  all  heat. 
But  this  point  not  being  fufficiently  known,  the  zero 
has  been  placed  at  the  freezing  point  of  water,  by 
almoft  all  the  philofophers  of  the  continent,  and  by 
feveral  of  our  own  country.  Notvvithftanding  ob- 
jedions  urged  for  fome  time,  againft  the  permanency 
pf  the  freezing  point  of  water,  it  feems  upon  the 
whole  to  be  by  far  the  mod  unexceptionable  point  for 
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ihc  commencement  of  ihc  thcrmomeiric  fcale.  And 
it  accordingly  m^ikes  the  zero  in  the  thermometers 
of  Reaumur  and  Cclfius  chiefly  employed  in  Europe. 
Fafhion,  more  than  any  circumftance  of  fuperioriry, 
has  induced  in  this  ifland  the  preference  of  a  ther- 
mometer on  the  principles  of  Fahrenheit,  who  placed 
his  zero  at  the  greateft  degree  of  cold  which  he  had 
been  able  to  produce  by  a  n.ixture  of  fnow  and  com- 
mon fall,  and  which  was  once  fuppofcd  to  be  the 
greateft  poflible  cold.  Tfitfe  thermometers,  howv 
ever,  are  now  univcrfally  conftrutflcd  and  graduated 
by  the  help  of  melting  ice  or  fnow,  which  is  found  a 
far  eafier  and  more  certain  method,  marking  32  at 
that  point.  By  the  experiments  of  Mr.  Walker,  of 
Oxford,  however,  it  appears,  that  the  thermometer 
has  been  funk  fevcral  degrees  hclow  Fahrenheit's  zero 
by  the  mixture  of  fnow  with  fea  fait;*  and  long  before 
Mr.  Walker's  experimejits.  Dr.  Irvine  had  produced 
in  this  way,  a  cold  equal  to  — 9  of  Fahr. 

About  the  middle  of  laft  century,  by  help  of  the 
inflrument,  the  merits  of  which  wc  have  been  diC. 
culling,  fome  obfcrvations  were  made  and  fome  con- 
fequences  deduced,  which  have  produced  unforcfeen 

•This  eKperiment  was  pi'tformcd  in  (he  folluivin^  manner: 
"  Iheicmpcralurenfthe  air  being  34°,  an  ounce  of  Tea  full  at  34 
"  was  ini\eclwilbfuurlecn  drachms  nrrnuwal  31",  llielempiTaturc 
"produwd  was — 7;  much  of  ihe  fiilt  »a«  flill  folid.  I  pound  off 
"  the  clear  Huid,and  mixed  nmrc  fnmv  at  IS'  with  ihe  moift  fall  i 
"  the  (em|>tT&tur?  pruductd  was  —7-  Repealing  this  exptrimeiit 
''  »iih  a  grceier  quaiitiiy  of  foow  and  TaJt,  the  cold  was  —Q." 
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and  unmenfe  changes  in  the  whole  fcience  of  che« 
miftiy,  and  conferred  immortal  honour  upon  the 
iliuftrious  difcoveren  Dr.  Blacky  to  whom  this  merit 
belongs^  made  thcfe  experiments  and  dedu&ions  about 
the  year  1755*  M.  De  Luc  has  claimed  an  equal 
ihare  of  the  honour  of  thcfe  difcoveries^  to  which^ 
however,  if  we  believe  the  ingenious  Dr.  Robinfon^ 
in  his  notes  upon  Dr.  Black's  Ledures^  he  has  very 
little  title.  It  has  been  long  ago  obferved,  that 
ice,  when  it  is  heated  to  32  Fahrenheit^  fuddenly 
flops  in  iu  rife  of  temperature,  though  the  tenv- 
perature  of  the  furrounding  bodies  be  higher  than 
32^  and  pertinacioufly  continues  at  the  fame  point 
till  the  whole  is  melted.  No  intelligible  explanation^ 
howeverj  had  been  offered  of  this  fad,  which  indeed^ 
in  a  great  meafu  re  appears  to  have  ef.aped  the  notice 
or  to  have  attraded  very  little  of  the  attention  of 
philofbphers.  It  might  be  demanded,  did  the  melt-.^ 
ing  ice  admit  heat  or  not  ?  If  it  did  not,  what  (Irange 
caufe  prevented  the  caloric  from  entering  into  the 
ice  at  that  point  alone  ?  If,  however,  it  did,  how  are 
we  to  explain  the  admiflion  of  caloric  during  fo  long 
an  interval  without  any  correfponding  rife  of  tem- 
perature. It  would  appear,  either  that  nobody  thought 
of  anfwcring  thcfe  queflions  at  all,  or  at  lead  that 
nobody  was  able  to  propofe  a  juft  and  fatisfadlory 
account  of  the  matter.  Soch  was  the  ftatc  of  philo- 
fophical  opinion  concerning  this  fubjeft  at  the  time  of 
Dr.  Black's  fiift  attention  to  it.  That  gentleman,  hav- 
ing confidered  the  ftatc  of  the  theories  and  knowledge 
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of  caloric  at  that  period,  rriblved  to  fubmit  to  the 
reft  of  experiment,  whether  heat  did  or  did  not  enter 
into  melting  ice.  And  he  clearly  fhcwcd  that  the  ice 
did  not  rcfufe  adniiflion  to  the  caloric  as  fomc  ima- 
gined, but  on  the  contrary,  received  an  unufally 
large  quantity.  He  obfervcd  that  a  vc(!cl  with  ice, 
though  it  did  not  acquire  a  higher  temperature,  while 
any  part  of  the  ice  was  unmcltcd,  certainly  admitted 
hear,  fince  a  ftream  of  cold  airdefcendcd  from  the 
veflel  during  the  whole  procels  of  fufion.  He  ob- 
fervcd further,  that  a  pound  of  ice  and  a  pound  of 
H-atcr  each  at  33°,  being  each  fcparately  mixed  with 
a  pound  of  M'ater  at  a  higher  temperature,  that  the 
mixture  of  the  two  pounds  of  water  had  a  temperature 
nearly  the  mean  of  their  former  temperatures  ;  but, 
that  when  ice  was  ufed  as  one  of  the  ingredients,  the 
temperature  of  the  mixture  was  lower  than  the  mean, 
and  that  140°  feemed  to  have  difappcarcd,  or  to  have 
entered  into  the  ice  during  its  converfion  into  water. 
Thefe  140  degrees  were  ftylcd  by  Dr.  Black  latent 
heat,  becAfe,  according  to  his  view  of  the  fubjedl, 
the  thermometer  gave  no  indication  of  their  prefence, 
which  was  only  to  be  difcovered  by  the  change  of 
form  from  the  folid  to  the  fluid  ftate.  This  great 
difcovery  opened  a  new  and  prodigious  field  for  the 
labour  of  philofophers.  Dr.  Black  foon  faw  reafon 
to  extend  his  dodrines  of  latent  heat  to  all  cafes  of 
fufion;  and  Dr.Irvine,  then  his  pupil,  experimentally 
determined  its  truth  in  feveral  inllances.  He  found 
the  latent  heat  of  fpcrmacctl  to  be  about  145%  as 
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iheaflired  by  the  capacity  of  melted  fpermaccti ;  that 
df  bees'  wax  about  175®,  and  that  of  tin  5oo^  as 
ibeaflired  by  the  capacity  of  folid  tih.  Dr.  Black 
Applied  the  fanne  method  of  explanation  to  vaporiza- 
tions of  every  kind,  and  fhcMred  the  ricceflity  of  large 
fnpplies  oT  heat  to  the  exiftehcfe  of  fleam,  and  other 
bodies  in  a  Ihite  of  vapoui*,  by  experiments  con- 
vincing and  unexceptionable,  but  which  it  is  now 
needlefi  to  detail,  when  the  faA  is  univerfally  ad- 
mitted. Dr.  Irvine  by  experiment,  onade  the  latent 
heat  of  Heam  amount  to  about  800^,  by  a  method 
fuch  as  is  detailed  in  Dr.  Black's  Ledures,  though 
ibme  particulars  do  not  altogether  coincide  with  the 
manulcrfpt  account  of  the  experiment  in  my  pofTeH. 
fion ;  Mr.  Watt  afterwards  computed  the  latent  heat 
of  (learn  to  be  from  900"  to  950  degrees;  M.  Lavoifier 
fuppofes  it  to  be  as  high  as  1000  degrees. 

Dr.  Black  thus  eftablifhed  the  truth  of  a  general 
and  mod  important  law  of  nature,  that  all  bodies 
require  for  their  fufion  and  evaporation  an  immenft, 
and  formerly  unfufpedled  quantity  of  caloric*  To 
the  knowledge  of  thefe  fadls,  it  cannot  be  doubted, 
that  we  owe  much  of  the  modem  advancement  in 
chemical  theory. 

It  has  been  already  mentioned,  that  all  known 
bodies  contain,  and  more  or  lefs  freely  tranfmit  heat. 
This  fadl  is  indifputably  true.  But  when  it  is  next 
inquired,  if  they  contain  equal  quantities  in  equal 
bulks,  or  in  equal  weights,  or  in  any  other  way,  the 
aiifwer  is  not  fo  clear.     It   was   fuppofcd  by  Dr. 
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Boerhaave,  that  bodies  contain  heat  in  proportion  to 
their  fpccific  gravitiei.  But  Dr.  Black  ftiil-wcd  thi» 
opinion  to  be  unfounded,  and  that  bodies  had  powere'"^ 
of  containing  heat  peculiar  to  each  peculiar  fubftance,  ' 
and  that  not  connected  cither  with  the  comparative 
weights  or  hulks  of  the  fubftances  examined.  This 
power  of  being  unequally  heated  by  equal  quantities 
of  heat,  has  been  the  oi  jcifl  of  contiderablc  inquiry, 
and  was  diftinguiflied  by  Dr.  Black  and  Dr.  Irvine 
nearly  about  the  fame  rime,  by  the  term  capacity. 
The  fame  meaning  has  been  exprclTcd  by  various 
other  terms,  as  comparative  and  relative  heat,  fpecific 
heat,  equilibrium.  &c.  If  any  body  be  heated  a  cer- 
tain number  of  degrees  by  a  given  quantity  of  caloric, 
and  its  capacity  be  called  i.ooo.  and  another 
body  be  heated  twice  that  number  of  degrees  by  the 
fame  quantity  of  caloric,  then  its  capacity  muft  be 
exprefled  by.  500,  or  be  only  one  half  of  the  former, 
becaufc  each  degree  of  its  temperature  is  raifed  by  a 
portion  of  caloric  only  half  of  that  which  is  ne- 
ccflary  to  raifc  each  degree  of  the  others.  The  capa- 
cities of  bodies  may  thus  be  numerically  compared, 
and  this  is  generally  done  by  calling  the  capacity  of 
water  i.  000,  and  comparing  that  of  all  other  bodies 
to  it.  It  is  not  poflible  to  apply  diredl)  to  any 
body  a  certain  quantity  of  caloric  to  maku  this  trial, 
for  caloric  is  infcparablc  from  matter,  unlefs  tlic 
cafe  of  radiant  caloric  be  confidcred  as  an  exception 
to  this,  and  even  then,  it  is  impoflible  to  apply  any 
mcafiircd  quantity  of  calqric  to  a  body.     But  ii  is 
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tSLfy  to  obferve^  how  much  heat,  equal  quftntities  of 
dijffcrent  fubflances  fubtrad  from  a  given  quantitjr 
of  any  matter,  water  for  example,  to  have  their  tem- 
perature raifed  to  the  fame  degree.  And  this  is  in 
leality,  to  do  the  fame  thing,  as  if  we  could  feparate 
the  caloric  from  all  other  matter,  and  apply  it  in 
meafures  or  weights  to  the  fubllances  Lnder  exami<» 
nation. 

The  difcovery  of  thefe  properties  of  caloric,  has 
intircly  altered  men*s  opinions  on  that  fubje&.  New 
roads  have  been  opened  for  the  progrefs  of  philo- 
fophical  inquiry,  and  a  degree  of  preciiion^  and  of 
truly  ufeful  and  el^nt  knowledge,  has* been  obtained^ 
which  there  was  formerly  no  reafon  to  have  expeded* 

All  who  have  followed  the  footfteps  of  Dr.  Black, 
in  adding  further  to  the  fadts  or  the  theories  concern- 
ing caloric,  have  begun  by  acknowledging  the  truth 
and  the  importance  of  his  difcoveries.  As  far  as  I 
know,  no  perfon  has  attempted  to  invalidate  his 
obfervations,  which  are  indeed  fo  clear,  and  fup-. 
ported  by  experiments  fo  fimple  and  decifive,  that 
they  enforce  belief.  Whatever  additional  fa&s  may 
have  been  difcovercd,  or  whatever  variation  of  theory 
may  have  been  advanced,  his  merits  cannot  be  thereby 
affeded. 

From  the  fads  already  ftated.  It  appears  that  the 
fulion,  or  melting  of  bodies,  is  not  performed  alto- 
gether in  the  manner  that  was  at  one  time  imagined. 
It  is  not  enough,  merely  to  add  fuch  a  quantity  of 
heat  as  would  have  been  fufficient  to  raife  the  tcm- 
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ich  fir(wi»i 


pf  rature  of  the  folid  above  [he  point  at  which  firfwi^ 
takes  place,  b»r  a  much  larger  fupply  is  required 
tlian  is  neceifary  for  a  itmilar  elevation  of  tempera- 
ture either  before  or  even  after  the  liqucfaftion.  In 
other  words,  a  portion  of  caloric  enters  into  the  body 
that  is  fufed,  without  raifin^  its  temperature.  Thii 
quantity  of  heat,  which  in  the  cafe  of  water,  amount* 
to  about  J  40  degrees,  for  there  is  fome  difference  of 
refult  in  the  experiments  for  afccrtaining  this  point, 
was  called  by  Dr.  Black,  latent  heat,  and  has  received 
from  fome  other  philofophers  the  name  of  caloric 
of  fluidity.  It  was  afTertcd  by  Dr.  Black,  to  be  the 
caufe  of  fufion,  and  to  combine  chemically  with  the 
Ihlid,  and  form  a  fubftance  differing  both  from  the 
folid  and  the  caloric,  to  wit.  the  fluid. 

This  opinion  has  been  the  caufe  of  very  great  dif- 
cuflton,  and  was  in  particular  by  Dr.  Irvine  fup- 
pofed  to  be,  if  a  juft,  at  lead,  not  a  fufRciently  com- 
prchenfive  view  of  the  fubjeift.  He  was  not  difpofed 
to  confider  the  ciutance  of  what  is  called  latent  heat 
into  bodies  as  happening  upon  different  principles 
from  thofe  which  always  direift  the  operations  of 
caloric  upon  matter.  Though  ready  to  admit  the 
difcoverics  of  Dr.  Black,  in  all  their  extent  and  im- 
portance, and  no  man  thought  more  highly  of  them, 
as  none  more  fully  appreciated  their  value,  he  ima- 
gined that  latent  heat  was  enly  a  cafe  of  what  oc- 
curred in  every  affeiflion  of  bodies  by  heat,  and  that 
the  caloric  cxifted  there  prccifely  in  the  fame  way  aj. 
at  other  times,  and  could  be  difcoycrcd  by  the  faioc 


BT  SBAP  OF  THE  THBUlffMIETBR.  51 

te(H  whith  ae  any*  time  give  notioe  of  its  prcfetKt^^ 
Nor  willing  to  deicend  to  a  difpate  eoBcernihg  a 
temi»  he  was  ready  to  admit  the  phrafe^  laMit  heat» 
as  the  expttilion  of  a  new  and  curious  fadt^  iliough 
liot-  without  fome  modification  in  theexaA  fenfeto  be 
attached  to  it.     He  was  accuftomed  toobferve,  that 
the  latent  heat  followed  as  a  mere  confequence  of  hiiP 
pecuJiar  view  of  the  opierations  of  caloric ;  by  this 
afTertionj  not  claiming  any  (hare  in  the  honour  of  dif-* 
covering  t^  exiftence  of  latent  heat^  but  exprefling' 
that  his  ^eery  being  granted^  the  previous  difcovery^ 
of  Dr.  Black  fell  into  it  as  a  part  of  a  whole. 

Dr.  Irvine  confidering  thie  phenomena  of  latent 
heat  in  comparifon  and  in  combhiation  with  the  diC- 
covcfry  of  the  different  capacities  of  bodies^  was 
fed  to  fuppofe  that  they  mi^t  mutually-  illuftrate 
each  other,  and  that  fomething  more  might  happen 
during  fufion  than  Dr.  Black  had  imagined.  Alt 
bodies^  it  appears^  are  differently  afTciSled  hy  the 
fame  quantity  of  caloric.  No  two  fiibfhmces  (hew- 
the  fame  augmentation  of  temperature  by  equal  in-' 
erements  of  abiblute  caloric.  To  raiie  any  body* 
from  one  given  thermometrical  point  to  another^ 
lequires  an  addition  of  heat,  which-  imift  be  greater 
if  the  capacity  of  the  body  be  greater,  and  Icfs  if  ie 
be  lefs:  this  quantity  then  is  proportional  to  the 
capacity,  as  all  experiments  have  (hewn,  as  well  in 
thelo\i^(las  in  the  higheft  temperatures  in  which 
it  has  been  pofTible  to  make  the  trial.  If  then  we 
frxjupofk  that  any  fiibftance  were  totally  deprived  of 
calcnic,  yet  retained  it*  po^r  of  receiving  or  com- 
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billing  with  it :  it  appears  rcafonable  to  fay,  th 
a  certain  quantity  of  caloric  aj^lied  to  this  bodn 
U'ould  railc  its  tetnpeiature  by  a  number  of  degree 
proportiorul  lo  its  capacity.  And,  if  this  ci 
were  then  incnafcd,  thatagreaterquantiiy  of  caloric 
Would  be  required  for  producing  the  fame  effect  or 
e'cvation  of  tempciaiure. 

To  the  bed  of  my  information,  i;  was  by  a  pro- 
ccfs  of  rcafoning  fonicuhat  fimilar  to  this,  that  Dr. 
Irvine  was  Induced  to  conceive  that  ii  was  pofUblc 
that  the  capacity  of  R-ater  might  be  found  to  cxsed 
that  of  icc;  upon  expcrirucnt  beingmadc,  that  if  this 
really  turned  out  to  be  the  c^c,  a  new  leafon  might 
be  afligncd  why  ice  during  its  melting  refufed  to  ad- 
mit of  an  augmentation  of  temperature.  He  ima- 
'  gined  therefore,  that  a  larger  quantity  of  caloric  might 
be  necefiary  to  raife  the  temperature  of  water  to  31" 
than  that  of  ice  to  the  fame  degree,  fuppofing  the 
heating  of  each  to  bc^in  at  the  point  of  total  priva- 
tion of  all  heat.  Jn  this  cafe,  the  heat  could  not  be 
called  latent  exactly  in  Dr.  Black's  fenfe,  fincc  the 
thermometer  Ihewcd,  that  though  the  number  of  de- 
grees was  the  fame  in  both  inftances,  the  value  of  each 
degree  was  ditferent.  All  bodies  therefore  ftiould 
contain  heat  in  a  Gmilar  way.  and  by  a  like  mode  of 
Union,  whatever  that  might  be.  jM 

It  is    not   often   that  1  am   able  to  cxprefs  id 
Dr.  Irvine's  own  language,    the  circumfta»ces    of'' 
his  theory.      But  1    now   fubjoin    a  pallage   from 
his    manufcripLs   explanatory   of    this     futgetS. — 
'  The  reafon  why  a  body   cannot  be  heated  while 
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k  h  melting  is,  that  it  is  then  thangitig  its  capal 
city^    From  a  fabftance  that  was  eafily  heated,  it 
changes'  to  one-  that  is  heated  with  difficulty.     All 
bodies  in  a  fluid  ftate  feem  to  be  heated  with  more 
difficulty  than  when  in  a  folid  ftate.   Not  that  a  body 
in  a  fluid  ftate  tranfmits  heat  more  flowly  than  when 
the  fame  body  is  in  a  folid  ftate.    On  the  contrary^ 
it  tianfmits  heat  better  in  a  fluid  than  in  a  folid  ftate. 
But  the  fame  quarftity  of  heat  applied  to  the  faniie 
body  in  a  folid  form,  and  in  a  fluid  ftate,  will  heat 
the  folid  a  greacer  numbcfr  of  degrees  than  it  will  the 
fluid.  ExempH  gratia  :  if  a  quantity  of  abfolute  heat 
lO  or  X  be  applied  to  a  folid  body,  and  is  capable  of 
heating  it  aa%  reduce  the  folid  to  a  fluid  ftate,  and 
this  quantity  of  heat  will  only  be  capable  of  heating 
it  I  a*.     Therefore,  if  all  the  heat  in  the  body  in  a 
folid  ftate  was  20%  and  if  it  became  all  inftantly  fluid, 
the  whole  feniible  heat  in  it,  in  this  cafe,  would  only 
be  lo"^;  or  the  body  would  have  become  inftantly 
ten  degrees  colder  without  any  heat  being  taken  out 
of  it.     And  if  the  fame  body,  in  a  fluid  ftate,  became 
inftantly  folid,   it  wbuld  immediatefy  become  10'' 
warmer  wirhoutahy  heat  being  thrown  into  it.  In  thefe 
cafes,  the  quantity  of  the  heat  in  the  body  does  not 
alter  by  the  change  of  form.  All  that  happens  is,  that 
the  fame  quantity  of  heat  produces  a  greater  eflccft  in 
heating  in  the  one  ftate  than  it  does  in  the  other." 

The  firft  and  indifpenfable  condition  for  the  truth 
of  this  hypothcfis  is  to  (h  w,  that  the  capicities  of 
water  and  ice,  or  of  fluids,  and  of  their  relative  folidis. 
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in  general,  really  do  differ  in  the  manner  here  fup 
pofed.  With  this  view.  Dr.  Irvine  was  at  great  painj 
and  made  very  many  experiments  to  determine  thi 
capacities  of  ice  and  water.     For  this  purpofe,  be 
uCcd  a  third  body  to  meafure  the  heating  or  cooling 
powers  of  thcfe  two  fubftances,  fometimcs  employ- 
ing mercury,  fometimcs  iron  filings,  and  laftly,  pre- 
fcfring  fine  river  fand  wafhed,  or  pounded  glafs  for 
the  medium  of  comparifon  :  thefe  experiments  were 
condui5tcd  in  the  ufual  manner,  and  with  the  ufual 
precautions,  though  much  more  than  ufually  em- 
barraffcd  by  the  different  temperatures  of  the  air,  and 
the  fubiUnccs  ufcd.     For  ii  is  impoffible  to  perform 
cxperimmts  to  determine  the  capacity  of  ice  or  fnow 
without  reducing  that  fubllancc  lo  a  very  low  reni- 
peniture,   near  the  zero  of  Fahr.  or  a  few  degrees 
only  above  it.      While  the  air,   if  many  direct 
higher    in    temperature,    iiKvilably    communicates 
during  the  proccfs  a  quantity  of  caloric,  which  terKls 
greatly  lo  the  uncertainty  of  the  refuits.     But  tern. 
pcraturca  of  the  air  near  zero  arc  very  rare,  ar>d  of 
very  uncertain  duration    in  our    variable  climate. 
More  accurate  refulcs,  therefore,  might  be  rcafoiubly 
CXpo.1cd,    if   fuch   cxpcnmcnts   were  repeated   ia 
countries  where  extreme  colds  prevail,  and  where  of 
confequcncc.  both  longer  time  and  better  oppormnity 
would  be  given  for  determining  this  point.     ¥toa 
(he  means  of  nwny  trials  nwde  at  \^ioiis  favourable 
tiiiw»byUr.lrvinr,he  concluded  the  capacity  of  water 
__»te»*ttoi  ice  m  a  ratio  not  grtaicrJiaa  iota4 


Dr.  Crawford  found  the  proportion  to  be  as  lo  to  9 
nearly/ and  Mr.  Kir  wan,  if  I  do  not  nnftake^  flaced 
the  numbers  to  be  to  and  9. 

Confiderable  anicicty  has  b^cn  exprefled  to  learn 
the  exa<9:  manner  in  which  Dr.  Irvine  conduced  thcfe 
fundamental  experiments, .  upon  the  truth  of  which^ 
fo  much  of  bis  theory  depends.  Many  philofoph^rk 
appear  to  lUve  inuigined  them  to  have  been  performed 
by  a  mixture  of  ice  and  water,  which  is  altogether 
tintnie.  Such  a  thing  may,  perhi^,  bt  confidered 
u  theoretically  poilible,  but  pradically  of  extreme 
difficulty.  Capacities  are  folely  the  expreflion  of  the 
rife  or  fall  of  temperature,  produced  by  equal  quan^ 
cities  of  caloric  upon  different  bodies.  If,  then,  we 
could  mix  ice  of  a  very  low  temperature  with  water^ 
ib  that  no  water  (hould  be  frozen  or  ice  melted,  we 
fliould  have  ground  for  determining  their  capacities 
for  heat.  The  difficulty  here  would  be  to  determine 
whether  any  ice  was  melted  or  not :  other  mcchodi 
might  be  propofed  upon  fimilar  principles,  but 
.  equally  dtfficuh  or  impoflible  in  execution.  *> 

Dr.  Irvine  had  not  recourfe  to  this  procefs.  I 
have  already  given  the  outlines  of  his  plan.  He  found 
the  capacities  of  fome  fuitable  bodies,  as  river  fand^ 
or  iron  filings,  and  compared  them  with  that  of  water 
in  the  ufual  manner.  This  being  done,  he  ufed  the 
fame  body  to  examine  the  capacity  of  pounded  ice 
formed  from  diftilled  water,  or  of  fnow.  The  tem- 
perature of  the  room  and  veiTel  was,  in  his  experi^ 
ments»  always  either  32^  or  below  it ;  moft  commonly 
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confidcrabljr  under  33*.  He  then  took  a 
weight  of  fnow  or  ice  of  a  known  temperature,  in  a 
vefTcl  o(  »hich  the  capacity  was  determined  by  cx- 
peiimeoi.  Upon  this  he  poured  a  certain  quantity 
of  river  fand  wafbcd,  or  iron  filings  of  a  certain  tem- 
perature, with  as  much  rapidity  as  poflible :  the  new 
lentperaiure  was  obfcrvcd  after  ftirTtng,and  allowance 
«ru  made  for  the  beat  gained  or  loft:  the  temperature 
of  the  mixture  was  frequently  19*,  :o*,  25",  i6*,&c. 
So  that  in  a  room  where  the  air  was  below  the 
freezing  point,  the  accuracy  of  the  rcfult  could  not 
be  affecled  by  the  formation  of  any  water;  ftill  ihei 
are  many  f-urce«  of  inaccuracy  remaining.  But 
Dr.  I  r^ine's  hands,  the  capacity  of  ice  always  tun 
out  to  be  lefs  than  thai  of  water.  Jn  all  his  experi 
ments,  which  were  very  numerous,  and  repcan 
with  care  for  many  fucceeding  years,  he  arrived 
kTuUs  approximating  ro  each  other,  and  concluded^^ 
to  ufe  hit  own  words,  that  from  the  mean  of  all  his 
irrals,  the  capacity  or  relative  heat  of  water  to  that 
of  ice  is  not  in  a  ratio  greater  than  5  to  4  or  10  to8-< 
To  this  I  may  only  further  add,  that  the  near  coin«j 
cidence  of  the  experiments  of  different  philofophi 
at  different  times  and  places,  affords  fair  grounds 
fuppofing  that  all  of  their  determinations  approacl 
to  accuracy.  A  praifc  the  highcft  thar  any  rcafon- 
able  man  can  ever  eupcifi  to  obtain  for  cxperimcntt 
of  fo  delicate  a  rature. 

In  like  manner,  Dr.  Irvine  extended  his  theory  to 
$\\  other  bodies  whatever,  and  in  Tome  cafes  deter* 
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mined  and  in  all  inferred,  that  it  is  a  general  law  of  ^ 
nature  that  the  capacity  of  all  folids,  for  heat  is  in« 
cieaftd  by  fufion,  and  that  of  all  fluids  by  vaporiCu 
cion.  This  law,  the  exiftence  of  which  was  hot  be« 
fore  even  fufpedted^  muft  be  confidercd  as  an  hi^Iy 
important  obfervation^  as  all  generalifations  of  fads 
are  to  be  regarded^  and  that  whether  the  theory 
which  is  attempted  to  be  deduced  from  it  be  ulcU 
mately  eftahliflied  or  overthrown. 

It  appears  then,  that  befides  Dn  Black^s  dilcovery 
of  the  great  quantity  of  caloric  neceflary  for  the 
converfion  of  a  folid  fubftance  into  the  fluid  form« 
another  remarkable  alteration  is  produced  in  the 
habits  of  the  body  with  regard  to  heat.  It  is  changed 
from  being  a  body,  which  is  eafily  heated,  or  which 
requires  only  a  fmall  quantity  of  caloric  to  raifo  its 
temperature  by  a  certain  number  of  degrees,  to  be  a 
body  difficultly  heated  or  requiring  a  greater  quantity 
of  caloric  for  producing  that  eflPed.  But  if  this  change 
in  the  body  could  by  any  means  be  fuddenly  induced,  k 
appears  highly  probable,  if  notabfoluteiy  ceitain,  that 
the  temperature  of  the  body  muft  either  immediatelj 
fink  conliderably,  or  that  a  large  portion  of  caloric 
muft  enter  it  to  prevent  that  confequence.  There- 
fore, in  whatever  manner  fulion  may  take  place,  the 
fluid  formed  muft,  from  the  nature  of  the  change 
of  its  capacity,  immediately  require  a  fupply  of 
caloric  to  enable  it  to  remain  only  at  the  fame  tern- 
perature  with  the  furrounding  bodies.  It  is  clear, 
tbaj^  if  a  folid  body  be  converted  into  a  fluid  of  an 
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incTearcd  capacity,  it  mufl  abforb  heat,  which 
exhibit  the  very  phenomena  that  latent  beat  difplayfi 
Thefc  arguments  apply  with  equal  forte  to  the  iU 
luftration  of  the  circumttances  obfervablc  during  the 
converfion  of  a  fluid  body  into  the  aeriform  ftatc. 

If  this  period  were  not  a  little  too  early  for  intro- 
ducing the  explanation  of  the  rife  or  dcprcffion  of 
temperature  produced  in  almoft  every  chemical  mix- 
lure,  circumftances  illuftrative  of  the  prefent  topic 
might  be  readily  drawn  from  that  fource.  Of  thefe. 
however,  wc  Ihall  treat  a  little  fiuther  on.  Bur, 
though  the  caufe  of  liquefadion  may  perhaps  bear 
much  analogy  to  the  changes  mutually  elfcdcd  by 
chemical  agents,  it  is  not  abfolutcly  neccHary  to  refer 
to  thefe  fa^ls  for  the  explanation  of  this  fubjcift. 

Various  objeAions  have  been  brought  againft  this 
mode  of  explaining  fulion  and  vaporifations.  It 
cannot,  however,  at  leaft  in  my  opinion,  be  faid  to 
be  altogether  oppofite  to  Dr.  Black's  explanation  of 
the  fame  phenomena,  but  rather  is  additional  to  it. 
Both  theories  admit  alike,  as  the  groundwork  of  their 
fuperftru(Sure,  the  entrance  of  a  large  quantity  of 
caloric  during  fufion.  Dr.  Irvine's  hypothcfis  differs 
only  in  oifering  an  explanation  of  the  newly  dif- 
,  covered  fad,  the  enlargement  of  the  fpecific  heat  of 
the  fufing  bodies,  and  in  denying  any  peculiar  or 
unufual  combination  of  caloric  in  thefe  circuin. 
ftances. 

Dr.  Black,  however,  was  not  difpofed  to  allow  the 
judice  of  this  modification  or  alteration  of  his  own 
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theory.    He  Cskid,  that  he  fuppofed  the  capackki  4( 
ice  and  arbiter  really  to  be  lo  each  other  afl  Dr.  Irvine 
ftpreieated  tbcw.  and  certainly  had  no  <:iaim  either 
to  ttie  iuggeftuMi  or  performance  of  the  experimentf 
made  to  determine  thefe  points.     But  the  inferences 
did  not  appear  to  him  to  be  corrtiSt*    To  quote 
the  Dodor's  own  words : — *<  To  this  ftatennent  (of 
Pr»  Irvine's)  I  anfwer^  that  the  alleged  fadt  of  dU** 
parity  between  the  capacity  of  ice  and  water^  for  heat 
may^  indeed^  be  fuppofed  to  account  for  the  thermos 
metrical  phenomena  juft  now  recited  i  but  the  prin«- 
cipal  £u3:  or  phefiomenon  is  Jiot  accounted  for  by  it^ 
I  mean  tbe  change  of  the  folid  into  the  fluid.  Solidity, 
we  all  know,  depends  on  adhefive  attradion;  but 
on  what  caufe  does  fluidity  depend  ?  Will  it  be  laid 
to  depend  on  the  abfence  or  cefTation  of  cohefive  at- 
tiudlion  r  i  cannot  imagine  how  cohefive  attradicm 
can  entirely  ccafe^  or  be  fufpended ;  or»    if  thia 
ihould  happen^  how  it  (hould  eafily  be  again  r&. 
ftored  :  nay,  we  have  evident  proof,  from  the  round 
form  of  the  drops  of  liquids,  that  it  is  not  then 
entirely  fufpended,   but  only  weakened  to  fuch  a 
great  degree,  that  the  folid  hard  body  is  become  a 
liquid.     Now  this  is  fuch  a  violent  chaise,  that  J 
cannot  help  thinking  it  muft  depend  on  feme  power- 
ful caufe.     It  may  be  faid,  perhaps,  that  no  other 
caufe  is  neccflary  but  the  incrcafe  of  Icnfible  heat 
above  a  certain  degree,  together  with  fome  Angularity 
in  the  nature  of  cohefive  attradion,  fuch  as  that  this 
attradion,  though  very  llroog  at  certain  fmall  and 
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impercqjtiblc  diflancci,  becomes  fuddcnly  vei 
■weak,  when  wc  increafe  beyond  a  certain  limit  the 
diflance  of  the  particles  of  matter  from  one  another, 
and  this  increafe  of  difhuice  is  produced  by  fenfible 
hear, 

"If  this  were  true,  the  increafe  and  diminution  ofr 
diftancc,  by  theadlion  of  fcnfib]c  hear,  ought  always" 
invariably  to  produce,  each  its  appropriate    cffetfV, 
on  the  power  of  the  cohcfive  attradion  ;    as  water> 
when  its  degree  of  heat  is  above  330  is  always  liquid, 
fowhen  its  fenfible  heat  is  below  330,  it  fliould  always 
be  folid.     But  this  we  know  is  not  always  the  faft. 
Water,  in  fome  circumftances,  can  be  cooled  to   7 
or  8  degrees  below  330  without   being  congealed; 
and  many  other  fubftances  exhibit  the  fame  pheno- 
menon, by  retaining  the  fluidity  in  fome  circum- 
ftances after  their  fenfible  heat  is  diminifhcd,  confi-i 
dcrably  below  their  ordinary  congealing  point.    And4 
I  now  afk,  what  is  the  caufe  which  hinders  the  co~  ' 
hefive  ailratflioii    from    producing   its  cffedl,    and 
changing  the  liquid  into  a  folid  ?    When  I  find  by 
experience,  that  upon   difturbing  fuch  ovcr-cooled 
liquids,  a  quantity  of  heat  is  extricated   from  them, 
which  did  not  appear  immediately  before,  and   that, 
while  this  heat  is  extricated,  a  proportionable   part 
of  the  liquid  congeals;  I  cannot  help  confidering  this 
latent  heat  which  was  in  it,  as  having  been  the  caufe  i 
of  its  protra^ed  fluidity." 

This  kind  of  reafoiiinghas  appeared  to  Dr.  Black, 
and  to  many  other  philofophcrs,  to  be  contiufive. 
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Yet  it  fccms  to  me  liable  to  fomc  very  confiderable 
objedhens^  which  it  ihall  now  fall  to  my  talk  to  ftate 
afl(  precifely  as  I  can.  And  firft  of  all,  it  muft  be  re^ 
marked,  that  the  arguments^  now  recited^  derive  a 
great  portion  of  their  force,  from  the  ftatement  given 
by  Dr.  Black,  andfome  others,  of  Dr.  Irvine's  theory. 
This  ftatement,  however,  is  by  no  means  fuch^ 
as  9n  advocate  for  that  hypothefis  would  chufe  to 
reft  his  opinions  upon.  From  cauies  already 
ftated,  I  have  not  always  been  enabled  to  ftate  my 
lather's  dodrines  in  the  precife  terms  in  which  he 
was  himfelf  accuftomed  to  announce  them.  But  it 
appears  to  me  to  have  been  a  mifconception  on  the 
part  of  thole,  who  have  reported  his  fentiments^  to 
fiiy,  that  the  capacity  of  the  ice  is  firft  enlarged^ 
and  then  a  quantity  of  caloric  admitted,  diftinguiihed 
by  Dr.  Black  -  by  the  appellation  of  latent  heat. 
Such  a  ftatement  at  leaft  is  by  no  means  neceflary 
for  the  fupport  of  other  parts  of  his  theory,  and  is  an 
awkward  inclufion  of  more  points  in  the  explanationt 
than  are  by  any  fuppofitipn  required.  I  am  at  leaft 
firmly  perfuaded,  if  this  were  not  fo,  and  if  Dr. 
Black's  ftatement  were  corred^,  that  notwithftandii^ 
we  air  not  driven  from  our  ground,  but  are  mercl/ 
compelled  to  alter  a  minute  tradt  of  our  previous  ar- 
gument. This  theory,  therefore,  may  be  defended 
in  two  ways,  either  by  admitting  Dr.  Black's  as  the 
trueftatemen:  (and  againft  this  almoft  all  objedions 
have  been  dircdled),  or  by  taking  the  account  which 
1  have  given.    That  account  1  briefly  recapitulate. 
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The  folid  differs  from  its  rcluive  fluid,  wha 
both  are  of  the  fame  temperature,  in  thefc  cir— 
cumftancps,  merely,  that  the  capacity  of  the  former 
h  lefs  than  that  of  the  latter,  and  that  of  confe- 
qucnce,  the  heating  of  both  beginning  at  the  natu- 
nrf  zero,  more  caloric  is  neceffary  tor  the  clcvaiion 
flf  the  temperature  of  the  water,  than  for  (hat  of  the 
ice.  TTie  difference  between  the  whole  heat  in  water 
at  3^^  and  the  whole  heat  of  ice  at  32°  is  called 
the  latent  heat  of  that  body,  and  ice  being  ctmvertcd 
into  water  requires  this  quantity  of  caloric  tore- 
rain  its  temperature  at  the  fame  degree  as  before 
But  this  caloric  docs  not  enter  the  ice  before  in  cx- 
pacity  ischangcd.  Much  Icfs  is  the  capacity  cn*- 
largcd  before  the  caloric  enters  the  body.  Thcfc 
events  are  fynchronous,  and  arc  neither  caufe  nor  1 
eflfaS  of  each  other,  but  arc  mutually  the  canfci*  J 
qucnce  of  certain  attradtions  or  properties  whicU  ' 
the  iccand  caloric  are  refpeiftively  pofleflcd  of.  How 
ihcfc  fubftanccs  have  fuch  attraftions,  we  are  fiir 
from  pretending  to  explain.  But  it  is  conceived  thai 
this  theory  ought  no  more  to  be  required  to  explain 
the  caufe  of  attraction,  than  other  theories,  on  this^ 
and  various  chemical  fubjeifts,  none  of  which  afford 
any  explanation  of  fuch  difficulties  There  is  one 
circumftnncc  in  this  theory  which  is  not  quite  eafily 
conceived,  though  of  the  utmofl:  importance  to  the 
right  undcrftanding  of  the  dodrine.  This  is,  thai 
"Water  at  ji"  contains  a  quantity  of  heat  mcafurcd 
by  the- number  of  degrees  of  iti  temperature,  from 
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tlie  Qfitiifal  zcr%  tnultiplied  \xf  the  number  expreff. 
iqg  icsfpccifi?  caloiic.  ThU  touft  be  very  obvious  to 
any*  pcifon  who  Mcend^  to  the  tcrma  aodi  eobdidons 
ctf*  tbet  hypothecs  with  due  care.  Yet  I  haive  .been 
f^rpciied  to  obferve  how  many  ermrs  inatteotion 
to  tbb  haa  cavf^d:  how, many  arguaieBts  haw.been 
ftai€d>  b^  mem  tfuliy  i^genioita^  in  oppoficiiaii  to  thk 
dp&ntie^  which  have  apfieaced  whot)ji  itt-grouodoit 
areetfiiely^uflintcltigtbk»  without  a  pitvioua  know^^ 
toJgr  of  thia  oaiftonceptianu 
f  In  this  way  of  eoiifidertog  tbematatr^  both  parliea^ 
agne^  that  in  a  geoeial  grofs  viiew  of  the*  ftibjed» 
aiofk  is  the  caufeof  fluidity,  or.  rather  aflbuty  by 
which  caloric  enters  into  the  felid.  Hie  queftioa 
k,  how  ck)C8  it  affirdthia  fluidity  ?  Does  iccombtne 
with  die  folid  in  no.  definite  or  meafurablefquantity  i 
Or  docs,  it  enter  into  itj^  in  a  quantity  propoitiaiiablc 
to  the  new  capacity  ?  And,  after  all  difcuffions  aikt 
dilutes  regarding  this  {jalyfe&,  it  wiU,  I  think,^  be 
found  that  is  the  real  fiaMt  of  the  inquiry,  inr  the  cafi^ 
at  Icaft,  where  the  theory  is  ftatcd  as  I  have  now 
done. 

Theobjedion  propoM  by^  Dr.  Hack,  on  tiiefup^ 
pofition,  that  in  defence  of  this  theory,  it  might  be 
fiud,  that  the  fenftbje  heat  is  firft  increaied  a.  little^ 
{6  sa  fuddenly  to  weaken  greatly  the  cohefive  attrac- 
tiow,  after  which  the  latent  heat  enters,  does  not  by 
any  means  appear  very  forcible.  Surely  no  pyerfon 
could  nnake  fuch  a  fuppofition,  who  knew  that 
ice  is   not  expanded^    but  contraAed  by    fuiion4. 
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From  w-htch  it  ought  to  follow,  that  the  cohcfivf'  * 
atlraflion,  far  from  being  weakened,  a«5h  more 
powerfully  at  the  dTminifhed  diftanccs,  if  ar  Icaft 
heal  were  the  caufe  of  fluidity  folcly  by  its  expand- 
iog  powers.  It  cannot  be  maintained,  therefore, 
ihac  caloric  is  the  caufc  of  fluidity,  by  fqjanting 
ihc  particles  of  the  folid.  to  fuch  a  diftance  from 
each  other  as  to  be  out  of  the  reach  of  each  other's 
Mtraiition.  But  if  it  were  fo  argued,  the  cooling  of 
water  to  320  would  afford  no  additional  proof.  For, 
tindoubtedly,  the  lower  the  temperature  of  water  is 
reduced,  the  Icfs  chance  can  cohefivcatcraiflion  have 
of  caufing  folidity,  fince  every  new  degree  of  cooling 
is  accompanied  with  a  correfponding  expanfion  of 
the  water,  according  lo  the  bell  experiments.  No 
doubt,  it  ia  a  very  curious  fad',  that  water  can  be 
cooled  to  a  lower  degree  than  32°.  and  ftill  more  ex- 
traordinary that  the  flightcft  motion  immediately  ts 
followed  by  a  cryftallization.  And  Dr.  Black's  quef- 
tion,  uhat  hinders  the  cohefive  altradion  from  pro- 
ducing its  effect,  might  be  varied  fo  as  to  require  an 
anfwcr  from  the  fupporters  of  his  own  theory.  It 
might  be  alkcd,  how  does  it  happen  that  a  chemical 
combination  of  ice  and  caloric,  which  cannot  be  de- 
compofcd,  by  thcconfcficdly  fuperiorattradion  for 
hcut  of  the  cold  bodies  furrounding,  can  be  fud- 
dcnly,  and  a<  it  were  magically,  diffolvcd  by  me- 
chanical means,  by  a  flight  pcrcuflion  ?  It  is  clear, 
that  the  cold  rubflancet  around  do  attrad  caloric 
with  greater  force    than  water  doc3  at  other  times. 
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ForwaCer,  furrounded  by  bodies.o^  th&teifiperature 
of22*j  wiil,  without  thegreateft  caxc  to  preveoc  qrio* 
tion  certainly  be  frozen.  And  it  will  be  found  im- 
poflibie  to  melt  ice  enveloped  in  fubllahces  at  22% 
by  any  means.  From  which  it  follows^  if  a  chemi-- 
cal  union  really  does  take  place  in  this  cafe^  that 
there  is  here  an  anomaly  in  the  laws  of  attradlioni 
which  is  not  eafily  reconciled  with  known  prin- 
ciples. 

The  nature  and  laws  of  corpufcuiar  affinity  are 

■ 

certainly  ftill  very  impcrfeftly  underftood.  And 
there  may  probably  be  varieties,  in  its  mode  of 
aftion,  yet  to  be  difcovcred,  fufficient  to  explain 
this  and  many  other  chemical  diAiculties.  There 
are  various  powers,  the  extent  of  whofe  influence  is 
yet  almoft  unknown,  and  which  yet  probably  in- 
terfere in  many  proceflcs  of  chcmiftry.  There  may 
alfo  probably  be  other  powers,  or  fubftances,  and 
fituations,  in  which  already  known  powers  oper- 
ate. Magnetifm,  though  of  old,  is  not.  of  ancient 
difcovery :  elcdtriciiy  is  but  recently  difcovcred  ; 
and  Galvanifm,  even  if  only  a  new  inftancc  of  the 
eledlrical  fluid,  is  a  proof  of  the  poflibility  of  many 
agents  exifting  unknown,  or  in  fituarions  altogether 
unexpeded.  Something,  therefore,  ought  to  be 
allowed  for  fuch  circumftances,  when  we  rcafon  con-» 
cerning  the  adion  of  particles  among  each  other* 
And  Dr.  Black's  queftion,  juft  alluded  to,  may  be 
anfwered  differently  on  thefe  grounds.  It  may  be 
faid,  that   when   fluidity  takes  place,  not  only  an 
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abforprion  of  caloric  is  obfervabic,  but  the  Tpe  c 
ciloric  becomes  greater.  From  arguments  already 
givien  it  appears,  that  this  latter  effcdt  is  adequate  td 
the  produift'ion  of  the  former,  and  that  the  new  heat 
mud  enter  into  the  body  in  a  ratio  guided  by  ihft 
increafe  of  the  fpccific  caloric.  The  fluidity  itfcif, 
however,  remains  to  be  accounted  for,  and  if  it  even 
were  granre«J,  which  it  is  not,  that  heat  according 
to  our  theory  could  not  be  this  caufc,  it  would  bt 
mn warrantable  to  fay  that  no  caufe  could  exift, 
while  it  is  rcc'ollcflcd  how  very  impcrfetftly  the  laws 
of  particular  attratfUon  are  underftood,  how  little  wfc 
have  afccrtained  to  what  degree  the  influence  of 
elc^ricity  is  exerted  during  fufion,  or  what  other 
powers  happier  difcoveries  may  yet  dcmonftrate  to 
operate  in  prtxiucing  this  effcift.  For  it  Hill  rcmaini 
clear  that  it  is  impotTible  to  deny  that  the  change 
of  the  capacity  of  the  ice  mu&,  independeniiy  of  afl 
ether  circumftanccs,  be  accompanied  by  an  abforptioti 
of  calotic  by  ihc  water  formed.  Thefe  arguments, 
however,  only  apply  to  Dr.  Black's  ftatement ; 
and  it  i«  again  lo  be  recollcflcd  that  none  of 
thcfe  fuppofiiions  is  at  all  neceflary  to  the  truth  oT 
the  theory  in  queflion. 

It  is  aflerted  ihat  as  water  above  32'  is  alfrayi 
fluid,  To  water  below  32°  ought  always  to  be  (olid  ; 
but  that  this  is  not  fo.  The  reafon  of  this  is  faid  to 
depend  on  the  cxpanfive  power  of  heat.  But  furcly 
if  a  flight  increafe  of  fenfible  heat  -iuere  to  caufe 
{tifion  by  feparating   the   particles,    the  cooling  of 
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uraOer  bdew  31^  need  iiot  produce  tiie  Oi^>ofite  ^fied. 
fo  we  kmo/w  cKpands  by  heatj  but  trater  as  often 
tocfMBids  by  cold.  And  if  ice  nc  39*  bgr  a  fmall  in- 
OfOife  of  liafible  heat  has  the  cohefive  actra&ion  of 
fa»  parttdoi  deftro3^  ^r  greatly  dimioifiied^  it  docs 
«ot  by  any  means  follow  that  water  cooling  below 
5flr  oughttohavetheeobefiiveattradion  of  its  paiw 
xsdos  ancroaied.  The  cd&s  are  ctiredJy  oppoGtas 
and  M  ke  ought  to  become  fluid  abovf  32*  by  the 
Apamcion  of  its  particles^  fo  water  ought  to  become 
SBQit  liquid  every  degree  chat  its  tetopcmture  falls 
below  40%  for  there  lies  the  maxiBium  of  thecpair* 
iCmftion  of  water. 

'It:is  not,  however^  to  be  confidered  as  a  fair  llate^ 

ment  of  the  dodlrine  of  capacities,  ^to  fay  that  bodiqi 

ilirft  chaise  their  fpecific  heat,  and  then  admit  or 

abforb  the  latent  caloric,  the  fubftance  being  thua 

left  to  became  fluid  in  the  beft  way  it  could.    In  fi 

^general  view  it  may  be  allowable  to  grant  that  heat 

lis  she  caufe  of  fluidity  in  the  fame  fenfeas  wc  lay 

ithat  an  alkali  is  the  caufe  of  an  oil  becoming  lbap« 

Wefee,ifor  example,  very  clearly  that  ice  cannot  bear 

M  temperature  higher  than  32^  without  fufion ;  nei-» 

^thercan  itbe fufed  without  heat unleis  by  the  help 

iof  Jchemical  agents.    Caloric,  therefore,  is  certainly 

requifite  for  the  formation  of  water.     But  let  us  fup. 

pofe  a  quantity  of  caloric  to  enter  a  portion  of  ice  at 

3^^;  if  there  is  enough  of  caloric,  the  whole  ice  is 

•cbnvierted  kito  water  ;  if  there  is  lefs  than  enough, 

^icf  is-only  converted  in  part  into  the.  fluid  form* 
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The  queftion  here  is  not  whether  heat  is  the  caiifeof 
fluidity,  but  a  more  difficult  one,  how  does  heat  pro- 
duce it.  The  theory  of  capacities  aflerts  that  the 
caloric  rufhcs  into  the  ice  enlarging  and  fatisfying  its 
capacity  at  one  and  the  fame  inftani  and  by  one  and 
the  fameaftion.  The  fufion,  the  increafc  of  capa- 
city, and  the  heating  of  the  body  according  to  the 
new  capacity  are  obvioufly  fimultanojus,  the  work 
of  the  fame  moment.  It  may  be  dilBcuk  to  explain 
how  al!  this  happens  ;  but  not  more  fo  than  to  explain 
atcording  to  any  hypothefis  how  fluidity  fhould  be 
produced  by  heat. 

The  increafc  of  the  capacity  of  all  folids  when 
fufcd,  and  of  all  fluids  when  vaporifcd,  is  furcly  a 
ftriking  faift,  which  defcrvcs  confide  ration.  Yet  it 
has  met  %vith  very  little  or  indeed  with  none  at  all 
from  Dr.  Black's  explanation.  Not  only  docs  ice 
require  a  q«ancity  of  caloric  to  exift  as  water,  but 
after  it  is  become  water,  heat  has  no  longer  the  fame 
efieiftonit,  but  raifcs  its  tcilipcratiire  much  Icfs ; 
nay,  this  continues  true  liclow  32"  l-ahr.  and  as  far 
as  we  know  to  the  bottom  of  ihethermomctric  fcale. 
We  fee  in  all  cafes,  that  whenever  the  capacity  is 
enlarged  either  of  a  fimpk  body  or  the  mean  capa- 
city of  iMo  bodies  combined,  that  heat  or  rather 
temperature  difappcars. 

This  is  without  a  fmgle  exception,  that  is  known, 
in  the  whole  hiftory  of  chemical  unions.  It  [■&  not 
eafy  to  conceive  how  ice  could  pollibly  have  its  power 
of  containing  heat  increafcd  from  eight  or   nine  to  . 
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ten^  ii!ithout  abforbing  heat.  It  is  a^Siualljr  proved 
that  it  does  increafe  -  its  capacity^  and  this  fadt'de- 
maiids  explanation  and  attention  an  much  sis  the  ^ii3^ 
du&ion  of  fluidity  itfelf.  We  pinnot  avoid  afking^^ 
how  can  a  body  augment  its  capacity  without  either 
becoming  colder  or  abforbing  heat.  :  A  nd ;  if  this  be 
found  difficult  or  impoffible  to  explain;  it  mud  ne- 
ceflarily  be  admitted  that  the  tncreafed  capacity  is 
the  cnufe  of  the  influx  of  heat ;  or«  at  leaft^  that  the 
iacreafe  of  capacity  and  abferption  of  heat  are  co- 
cxiftent  and  fomehow  coane&ed.  It  feems  indeed 
fo  me  altc^ther  undeniable  that»  at  all  events, 
4bmc  part  of  the  c^oric  of  fluidity^  as  it. . 4^  called^ 
muft  go  to  raife  the  temperature  of  (he  body 
fufed. 

r  'In  the  cafe  of  vapour^  the  fame  genera^  arguments 
may  be  s^)plied.  If  we  (uppojle  the  water,  to  be 
ideated  to  2l2^  wd  caloric  llxii  to  be  flowing  in^  the 
cafe  of  vaporization  appear^  completely ,  inniiar  to 
that  of  fuflon.  Only  in  the  fi^jftpcx.  in(t^n9p  there 
is  no  peculiarity  in  the;  a^Uon  pf  he^(  with  T€;g^d  to 
czpanfion.  Steam  at  sti^,""  19  gi;ea(ly  paofe,;  bulky 
than  the  water  from  which  it  waa  formed*.  But  if 
we  imagine  the  temperature  of  the  water  to  be .2 1 2% 
and  nq  more  caloric  to  be  entering^  then  let  the  pref- 
fureof  the  atmofphere  be  fuddenly  removed,,  smd  a 
quantity  of  vapour  will  be  inft^ntly  pi;oduccd»  and 
./ie  temperature  of  the  whole  will  fink  confiderably. 
1.  this  cafe  it  has  been  faid  that  the  ren^oval  of  the 
pr.Ture  was  the  caufe  ,firA  of  the  iqcreafe  of  the  (;d^ 
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Irircttj',  and  afterwards  of  the  cold  produced, 
thefe  circumftanccs  occur  at  one  inftanc,  and  no  cer- 
tain inference  of  this  kind  can  be  drawn.  The  phe- 
nomenon, however,  is  not  to  be  forgotten  in  the  con>; 
fideration  of  the  caufcof  fufion.  One  remark  fur- 
ther will  be  admitted,  that  if  the  chemical  combina- 
tion of  heat  be  at  all  allowed,  the  caloric  is  as  much 
chemically  united  *ith  the  water  at  jra*,  ns  it  is 
With  the  vapour,  formed  by  removing  the  prcflurct 
and  the  fame  is  true  to  whatever  degree  the  temper- 
kture  of  the  water  be  raifcd.  Therefore  we  canrwt 
allow,  with  theingerjous  Dr.  Robirtfon,  that  prclHire 
has  1  he  power  of  preventing  chemical  combination 
in  this  inRance. 

According  to  this  theory,  therefore,  it  is  held  that 
caloric  cxifts  in  all  bodies  in  therameftate.it  matters 
not  whether  iclained  by  chemical  or  other  powers. 
This  view  is  remarkable  for  its  fimplkity.  All  bodia 
are  affefttd  in  a  firhililr  way  by  heat*  Ice  and  in 
fcr  example,  wc  know  to  have  dlffct^ent  tjapici 
for  heat.  We  fee  that  each  tbcrmomctrical  degtl 
in  each  is  raifcd  by  a  quantity  of  caloric  propoTtioAlfr  ] 
to  iti  ca^^acity.'  This  is  true  as  far  up  and  fti  lo* 
dbwn  in  the  fcalc  as  it  has  been  pofiible  to  obf«r*«. 
We.  infer  that  h  is 'true  alfo  to  the  point  of  towl 
pHvntionof  all  hwt.  Fveti,  if  it  -ftiould  nbi'bfc  I 
1  IhaH  afterwai-ds  endeavour  to  ftwW  ihatlhe  kif 
nwnt  is  unartcdcL  Imn  and  ice  arc  therefore  ooor 
tlndcd  to  t-orttMii  hc«  in  proportion  to  their  capn- 
citics.    But  the  lame  is  trne  of  any  orhcr  bodies 
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cboTcn.  The  like  circumflanccs  appear  al To  in  ic( 
and  water  ;  their  capacities  arc  difTcrcni,  thac  of 
vaier  being  highed.  It  ought  therefore  to  cormip 
jitOK  caloric  than  ice.  But  by  experiment  it%duall)>' 
does.  Hence  ice  and  water  are  to  be  coofidcied  in 
the  lame  comparative  view  with  regard  to  beat,  as 
ice  and  iron,  or  gUC$  and  gold,  or  any  ochcr  two 
bodies  having  different  capacities  for  beat. 

This  do^rine  fuppofes  nothing  of  the  intimate 
naturcof  heat.  It  agrees  equally  well  with  the  hjpo^ 
thelis  of  matter  or  that  of  motion.  Theothern>odc  of 
explanation,  however,  fecms  to  require  the  previouj 
•dminioii  of  the  material  nature  of  caloric,  ^nd  thaf 
it  is  governed  by  the  ufual  laws  of  other  matter  ;  a 
fuppolition  which  many  philolbphers  of  the  prcfcnt 
day  are  by  no  means  difpofcd  to  admit. 

The  advantage  of  this  hypothefis  is.  that  it  alford^ 
yn  expl^juitioQ  of  all  the  phenomena  of  fufion  ;  buf 
the  contrary  theory,  though  applicable  to  pthcr  cir- 
cujnftat^ces,  docs  not  explain  why  a  body  combin^ 
log  *ith  l^ieni  heat,  fliould  have  its  fpeciiic  calorif 
ever  after  greatly  enlarged.  It  might  as  well,  for 
any  reafon  aflignedi  happen  in  diroftl^r  the  reverie 
punner ;  efpecially  when  we  coniider,  that,  Co  Tap 
from  there  being  more  room  becwesa  the  particles  nf 
th^  jfluid  than  between  thole  of  its  corrcfponding 
■"v^li^l,  there  is  plainly  lefs  in  many  intUnce?  Either 
^ercJpre,  the  incrcalcd  capacity  and  the  fluidity  arc 

.fi?tf?^U*<Pt  cpgfc^iucnf^  of  )f inc  cfiniu^on  C(H^ 
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Irf  the  union  betn-ccn  the  latent  caloric  ; 
foUdis  accompanied,  at  the  momenc  of  Irs 
tion,  with  a  new  capacity  for  heat  in  proportio 
which  the'htcnt  caloric  is  great  or  Irnall.  Tt  is  in 
the  prcfcrit  ftate  of  knowledge  no  tafy  talk  to  fay, 
'■whether  any  adequate  caufe,  befides  caloric,  for  the 
plfoduftiofn  of  fluidity  is  known,  or  is  likely  to  be 
difcovered  :  it  would  be  prcfumptuous  to  atBrm  or 
deny  roo  boldly.  I  have  already  alluded  to -the' 
^ency  of  iheeleiSrical  fluid,  and  there  can'  be  ml 
doubt  that  it  is  fomehow  implicated  iii  the  change 
from  the  folid  to  the  fluid  ftatc.  Ice  is  well  known 
to  be  a  non-eledlric.  After  fufion,  however,  it 
is  one  of  the  bcrt  clciSrics  known,  with  the  exccp- 
rioTi  of  the  metallic  bodies.  I  do  not  know  whe- 
ther it  has  occurred  to  any  other  perfbn  to  try  if 
this  propertv  extends  any  farther.  But  as  it  might 
itrengthen  the  arguments  of  one  or  other  fide,  I 
T?ive  thotight  it  an  objedl  of  curious  int^uiry,  and 
itiadea'few  experiments  on  this  fubje<ft.  i' cannot 
fty,  however,  that  much  light  has  been  throwttTjpoll 
the  obje^l  of  confideration  by  thefc  trials.  ■  '  '"• 
'•*'  The  fuMlances  which  I  thought  of  examini^rtg  were 
felir  of  thcnon-elciftricsmoft  eafily  melted.'  J  mean 
Tpcrmaceti,  bees'  wax,  common  rofin,  and  fulphur. 
^thetal  Clip -filled  with  a  folid  mafs  of  each  ofthefc 
'vfii  put  upoA'the  conduftor  of  a  powerful  eledfical 
Itiuchme,  and  (parks  were  attempted  to  "be  drawn 
■tfii'biighthehi  without-fucccfs.     Only  when  the  coat 
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of  the  nbn-elc<3ric  was  very  thin,  a  few  fparks  forced 
their  way    through  the  fpermaceti  and  the  rofin. 
Each  of  thefe  fubftances  was  fubmitted  to  the  fame 
trial,  but  in  a  fluid  form.   "In  the  melted  wax  and 
fptermdceff,  when  a  brafs  rod  was  approached  to  them 
<perpendicuTarly,    a    violent    internal  motion  took 
{>tace  fuffici<*nt^  to  drive  great  part  of  the  materials 
out  *  of  the'veflfcl.     Some  fparks  alfo  appeared  to 
procctci  froni  the  fluid,   but  a  great  number  came 
from  the  bottom  of  the  veflcl,  the  eledrical  fluid 
forcing  the  melted  wax  and  fpermaceti  out  of  its 
place  and  leaving  part  of  the  bottom  of  the  veflcl 

r 

uncovered.  '  I t'a|>pears  thus  that  eledricity  has  a 
much  grcittr  tendency  to  difplace  thefe  two  bodies 
than  to  pafs  direftly  through  their  Itibftancr.  But 
I  am  difpofed  ta  think  that  tthe  wax  and  fpermaceti 
are  not  (b  complete  non-conduftors  in  their  fluid  as 
in  their  folid  ftate.  The  melted  fiilphur  and  rofin 
alfo  gave  indications  of  the  paflage  of  a  fmall  portion 
of  eleftricity  through  them  more  than  thejr  did  in 

1  '  ' 

their  ftate  of  folidity.  Upon  the  whole,  though  no 
very  pofitive  inferences  can  be  drawn  from  thefe 
experiments,  yet  I  think  that  they  rather  tend  to 
favor  the  opinion  that  fluids  coixludt  elecflricity  bet- 
ter than  their  relative  folids;  It  might  be  worth 
while  to  purfue  this  fubjedt  farther,  and  to  deter- 
mine the  changes  fuftained  during  fufion,  by  various 
iubftances  with  regard  to  their  electrical  properties, 
cfpecially  by  the  more  eafily  fufed  metals,  fuch  as 
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may  be  permitted  to  fufped  the  change  of  capacity^ 
as  the  cau(e  of  the  other  change.  It  mzfi  alio  be 
ranafked  that  a  theory^  ivhidh  explains  all  the  phe- 
nomena excepting  this  augmentation  or  diminution 
bf  capacity^  cannot  be  confidertd  as  equally  com* 
plete  with  one  <whtch  esiltends  to  this  point,  as  well 
as  to  all  others;  which  are  reijuired  to  be  expldned* 
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^.V  THE  CAPACITIES  OF  BODIES  FOR 


Ihe  comparative  elevations    of   temperature  pro- 
duced in  different  bodies   by  the  fame  or  fimilar 
quantities  of  caloric,  arc  fuppofed  to  depend  on  a 
peculiar   property   of  thefe  fubftances,   which  has 
been  dillinguifhed  by  various  names.     It  has  been 
ftyled   by  different  philofbphcrs,  the  capacity   for 
heat,  the  fpecific  heat,  the   relative  and  the   com- 
parative heat  of  bodies.     Thefe  capacities  are  regu- 
lar, that  is,  each  degree  of  temperature  is  raifed  in 
the  fame  body  by  a  like  portion  of  caloric  :  and  in 
many  inftances  this  has  been  experimentally  proved 
to  be  true,  through  a   long  range  of  thermometric 
degrees,  provided  no  change  of  form  takes  place  • 
And  in  general  it  may  be  affirmed,  that  no  exception 
to  this  regularity  or  permanence  of  capacities  has^ 
been   obferved   in    any.  cafe    whatever,    excepting. 
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in  the  inftance  juft  alluded  to,  when  a  change  i 
the  fubftancc  took  place  from  a  folid  to  a  fluid,  or 
from  a  fluid  to  an  neriform  appearance.  To  com- 
pare this  property  of  bodies  we  may  take  either  equal 
bulks  or  equal  weights  of  each.  In  the  cafe  of  cm- 
ploying  equal  weights,  indeed,  it  has  been  objei?ted 
that  the  phrafe  capacity  for  heat  is  only  intelligible 
when  equal  bulks  are  tiken.  This  obje(fHon  does 
not  ftrikc  mc  as  very  forcible,  and  if  would  appear 
that  the  capacity  of  equal  weights  of  two  fubflarfces 
may  be  compared  with  as  much  cafe  and  prtcifion 
as  the  capacity  of  equal  bulks,  and  be  equally  well 
underftooj.  For  it  is  by  no  means  neccITiry  to  rc- 
ftriA  the  meaning  of  capacity  to  mere  capacioufncfs. 
In  common  language  it  is  at  Icaft  as  often  ufcd  to 
exprefs  the  power  of  acquiring  or  admitting  as  that 
of  containing.  From  the  other  words  ufcd  to  exprcfs 
the  fame  idea  by  Dr.  Black  and  Dr.  Irvine  as  men- 
tioned by  Dr.  Robinfon,  fuch  as  affinity  for  heat,  and 
appetite  for  heat,  it  is  probable  that  the  meaning  of 
capacity  was  not  intended  to  be  capacioufnefs  alone. 
There  has  been  a  im.iii  deal  ofdifcufllon  regarding 
the  propriety  of  ufing  the  various  expredions  for  the 
property  of  which  \vc  now  treat.  The  word  capa- 
city, ill  panicuhr,  has  been  objeiftcd  to,  chiefly  on 
the  ground  of  its  biliiv^  a  theoretical  phrafe  which 
fuppofes  a  peculiar  (httc  of  the  caloric  in  bodies  ; 
but,  unkTs  taken  in  ihc  iinie  of  capacioufneis,  it 
cannot  Itatl  to  any  oilier  inference  than  all  the  other 
MOids  do.    Upon  the  \i  hule,  it  fccms  to  me  at  Icaft, 
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fhlai  t!hy  of  the  abovementioned  modes  of  exprefllmi 
may  be  employed  without  objedion,  a  clear  definU 
cioii  of  the  meaiung  attached  to  k  being  premifed. 
"Thie  word  trapacky  was  firft  employed  in  this  fenft 
by  Dr.  Black  and  Dr.  Irvine  ;  the  exprelfion^  rda^ 
tiVe  licmt.  by  Dr.  Irvine^  comparative  heat  by  Dr« 
Crawford^  and  fpectfic  heat,  I  believe^  by  Profeflbr 
Wilcke. 

The  cailfe  of  the  various  capacities  of  bodies  for 
lieac  does  tiet  feem  to  be  fatisfaiftorily  accounted  fbr% 
TThe  capacky  does  not  follow  the  ratio  of  the  fpecific 
^gravity  or  of  any  other  property  of  bodies  as  far  as 
"c^n  be  determined.  It  appears^  that  every  body  hat 
m  peculiar  power  of  att rafting  or  admitting  a  quan^ 
tity  of  caloric^  which  is  as  peculiar  to  itfelf  ^bi  lit 
weight  or  its  chemical  qualitiirs.  It  would  certainly 
tdnd  to  Amplify  the  theory  of  heat  very  much  if  any 
a<icount  could  be  given  of  this  property  of  bodies^ 
w^hich  could  be  referred  to  a  more  general  view  of 
the  fubjed. 

It  has  been  fuggefted  by  the  author  of  an  in« 
genious  fyftem  of  4chemiflry  that  bodies  unite  with 
caloric  from  an  affinity  which  they  have  for  it  in  like 
^manner  as  all  chemical  compounds  are  formed.  But 
the  affinky  varying  in  degree,  it  follows  that  diffe- 
rent bodies  Ihould  require  different  proportions  6f 
caloric  to  form  a  new  compound.     Bodies,  however, 
conduft  caloric  with  various  celerity.     The  fame 
'author  attributes  the  retardation  of  caloric  in  its  paC- 
^fage  through  tfaefe  bodies  to  die 'affinity -eaercifcdl 


by  the  particles  of  matter  near  which  the  > 
pafTcs.  From  which  he  concludes  that  the  cotv- 
duding  power  of  bodies  is  inverfcly  as  their  afTinity 
for  caloric,  or  inverfcly  as  their  capacity  for  heat. 
It  follows  from  thefe  ftaccnicnts  that  the  truth  of  this 
theory  niuft  reft  upon  the  correfpondcncc  of  the  ca- 
pacities aod  condutiting  powers  of  bodies  as  deter- 
mined by  aiftual  experiment.  Dr.  Thomfon  has 
accordingly  made  a  few  experiments  with  this  view, 
and  he  found  the  number  cxprefling  the  condutfting 
powers  to  be  more  nearly,  as  he  himfcif  fays,  the 
inverfe  of  the  fpecific  caloric  of  the  bodies  as  deter- 
mined in  his  table  than  he  could  have  cxpcdled  in 
experiments  of  fo  delicate  a  nature.  His  numbers 
are  as  follow : 


UoJiui. 

Ci.i.ddcmi^  Pow.t. 

Difference, 

Ky  llii;- 
ory. 

liy  i-spt- 

Water 
Mercurj' 
Liiisutil  ail 

(..3'irt 

1 

l 
t.rm 

0 
+  1.33 

— O.SI 

If  this  table  v-ere  implicitly  to  be  adopted,  it 
Wouldj  as  tar  a^  it  goa,  be  in  Ibme  degree  confonant 
with  the  principles  of  the  hypoihclis,  excepting 
that  the  compiucd  conduciing  power  of  mercury 
tliifcis  too  much  from  the  experimental  concluliqa,, 
being  confidcrably  more  than  a  fourth  part  k5^&  t 
.it  Iliould  be.    TbC:  dilic/crxa..  too,  arc  not  i 
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the  fame  fide  in  both  cafes  ;  for  if  the  conducing 
power  of  the  mercury  be^  one-fourth  too  fmall^  that' 
of  the  linleed  oil  is  too  great  by  more  than  a  third. 
It  would  have  been  deiirable^  that  Dr.  Thomfiin 
(hould  have  given  a  more  detailed  account  of  cxpe*. 
riments  from  which  he  draws  fo  very  important  in- 
ferences.  There  are  many  minute  particulars  which 
tend  very  much  to  illuftrate  the  application  of  ex- 
periments to  theories^  of  which  no  account  can  be 
taken  in  a  table  containing  merely  a  numerical  re- 
fult.  The  fpeci  fie  caloric  of  mercury  is  ftated  con- 
liderably  higher  than  it  is  ufual  to  allow  it.  This 
conclufion  is  drawn^  as  we  are  informed  from  Dr« 
Tboni/bn's  pwn  experiments^  and  is^  as  he  affirms^ 
nearer  the  refults  obtained  by  others  than  Dr. 
Crawford's  determination  is.  As  upon  the  accuracy 
of  the  numbers  in  the  above  ftated  table  all  the 
proof  of  the  theory  in  queftion  rcfts^  it  is  proper  to 
inquire  into  the  reafons  of  admitting .  or  rejc&ing 
the  new  number  for  the  fpecific  caloric-  of  mer- 
cury. ..  ■ 

It  is  certainly  juft  to  allow  the  faimefs  of  Dr. 
Thomfon's  (latement  of  his  own  experimena^  though 
he  has  not  defcended  to  particulars.  But  I  cannot 
underftand  upon  what  principles  he  ha#  compared 
his  own  refults  with  thofe  of  others  in  the  cafe  of  the 
fpecific  caloric  of  mercury,  fo  as  to  induce  him  to 
fay  that  his  numbers  at  all  approach  thofe.  of  any 
other  philofopher.  In  the  table  of  fpecific  heats  in 
tthat  gentleman's  fyftem  ofchemiftry^  he  gives 031 
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as  the  mean  determination  of  Lavoifier  and  Kirwalir" 
The  cxpcrimenra  of  the  latter  of  thefc  philofophcrt, 
arccontained  in  Magellan's  Treatife  on  Heat,  which 
I  have  not  been  able  to  confult.  But  in  the  Anna'ft 
de  Chimir,  vol.  V.  where  Lavmfier's  experiments 
on  this  fubjcifl  are  quoted,  his  number  is  given  as 
0.029  which  is  very  wide  indeed  of  Dr.  Thomfon's, 
and  would  require  Mr.  Kirwan's  to  have  been  no  left 
than  0591  which  is  extremely  improbable.  There 
muft  have  been  fome  midakc  here.  Dr.  Black* 
mforms  us  that  the  fame  quantity  of  heat  which 
raifes  the  temperature  of  water  two  degrees  raifes 
(hat  of  mercury  three;  therefore,  the  capacities  of 
thefc  two  fubftances  arc  to  each  other  as  3  :  2.  Or 
water  being  taken  as  i,,  mercury  will  be  .66.  But 
thefc  are  the  fpccific  heats  of  equal  bulks,  and  when 
equal  weights  are  taken,  as  muft  be  done  to  compare 
the  refults  with  Dr.  Thomfon's,  the  proportion 
Hands  as  i.  ::  0.049  nearly.  For  fince  equal  mea- 
furei  of  water  and  mercury  arc  heated  by  equal 
quantities  of  caloric  as  2:3,  take  the  fpecific  gra- 
vity of  mercury  at  i  ^i  in  a  rough  way ;  the  27  half 
ounces  of  mercury  gained  3°,  while  two  half  ounces 
of  water  loft  2°.  Bu(  two  half  ounces  of  mercury 
would  hoTcgained  moreinihe  ratio  of  27:  2,or4o'.5. 
Therefore  the  fpecific  caloric  of  water  is  to  that  of 
mercury  in  the  inverfc  ratio  of  their  augmentations  of 
temperature,  as  40.5  : :  3,  or  as  i  :  049.  This  is 
c«rtainly  fomcwhac  different  from  Lavoifier's  deter- 
tnination,  but  it  iiout  of  all  fight  of  Dr.  Thomfon'St 

*  Blatk'»  Lci^Turcs,  vol.  1,  page  80. 
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Dfr  Crawford  ♦  obfcrvcs  that  die  quantity  bf  heat 
raifei  a  pound  -tdw^cr  bne  degree/  raifes  a 
pound  of  mercury  28^  t  pr  that  their  l(j[)ecific  heat^ 
areas  i  :  0.035,  equal. wdghcs  being  taken.  I)r* 
Irvine  exprcfles  the  very  fame  opinion  nearly  in  the 
iame  woidsy  and  adds  that  he  has  repeated  the  ex^ 
petimentmany  times.  Dr.  Crawford  has  in  another 
part  of  his  work  f  mentioned  t^  the  changes  of 
temperaitUrcin  thefetwoiubftsiioes  are  toeach  other 
as  3^:  3,in.€iie£uDe  terms;  as  ftated  by  Dr.  Btaek* 
There  feems  fome  inconfiftency in thffe  two  accounts 
of  the  (ame  ftdts. 

Ir  appears  then  that  the  experiments  of  other 
philofopers  have  more  nearly  coincided  with  each 
other  than  with  Dr.  Thomfon's*  We  have  by  La- 
voifier,  by  Black,  and  by  Crawford,  or  Irvine,  three 
numbers  given,  as  below  ; 


Black 

Crawford 

LaToisier 

Meaa 

0.049.    . 

O.OSS 

0.0i» 

.  0.037 

The  mean  here  is  extremely  wide  of  the  number 
in  the  former  table,  and  it  is  Impoflible  under  thcfe 
circumftances  to  give  aflent  to  dedudlions  of  the 
caufe  of  the  conducing  power  of  bodies  founded 

■ 

»  Bflkjr  OD  Aninal  &at,  p.  3.    .  .    . 
t  Page  ^a,  ibid. 

G  2 
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laps,  h*v,e''^ 


Upon  the  ftated  numbers.  Theit  may,  perfiaps,  1 
been  fome  error  in  confidering  the  comparative 
bulks  inftcad  of  the  comparative  weights  of  the 
fubftance  under  examin-Hion. 

But  there  have  been  other  experiments  made  for 
the  purpofe  of  afccrtainir^  the  condu(ftLng  power  of 
fubftanccs  which  may  perhaps  iervc  to  throw  further 
light  upon  this  fobjcfS.  Thefc  have  been  made  by 
lagenhotiz,  Meyer,  and  others.  Some  of  thefe  arc 
Ifcited  below,  comparing  the  capacities  for  heat  with 
the  condu(3ing  powers. 


"Con^llrfiiij;  poivcrs  in 

Ihflonlsi-ofitmiimints. 

;     'ta|«ci.ir.--                1 

Of   cq««l 

■  -Weigh  Is. 

01  -  i.qudj 
l.ulks. 

Gold 

Iron """'  1 ""'''  '"'"*'- 
h,,...j             nor  fo  Ibe 

Charcoal 

'OJ«ff 
0.050, 

o.mv 
o.oefii 

0.1264 

O.MSi    ■ 
0  174. 

U.2G3I 

O.liSOl 
0.05-20 
n.ft»<7 

0.4878 

D.1I955 
0.4857 

o.ftyM 

The  capacities  ought  in  this  table  to  be  leaft  at_th^ 
brglnninjg'  of'the  table,  arid  to  mcreafe  downwards, 
"if.  the  capacities  and  condudling  powers  of  bodies 
'depended  on  their  affinity  for  caloric.  But  a  flight 
liifpcdion  is  fufficicnt  to  fliew,  that  no  precifc  infe- 
rence of  the  naaii-c  of  fpceific  heats  can  be  drawn  from 
*  Byniy  own  esperimeiil?. 


J 
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k.    Theiimidbers  feem  almoft^all  irregularly  placed^ 
Fiuther  experiments  upon  this  fubjoft  are,  howevbr^ 
lughlyidt&nblc,  and  would  probably  tend  cbniidera^ 
bjy  to  illuftrate  this  obfcure  part  of  the  theory  of  heat  i 
' '  But  t))e  principles  upon  ^hi'ch  Dr.Th<yiii£bn  "wifhes 
to  eftablifli  this^pinion^n  which  he  has  in  fome  mea* 
fufre  fbllQwed  Dr.  Black  and  Pidet,  are  by  no  means 
pcrfe^^yafcertained.    It  kioes  not  neceflkrily  follow 
becaufe  beat  paflcs  with   folme  difficiiflry-  '■  through 
bodieSi  and  is  detained  among  the  partidles,  that  it  is 
attra(5led  by  them.     For  this  effed:  may  rcfult  not 
Qoly  ftom  the  attradlion  of  the  particlesi  for  caloric^ 
but  alfo:  from  their  attrad^ion  for  each  other.    No^ 
body  attributes  the  reiiftance  of  air  to  the  pailage  of 
a.  bullet  through  it,  to  theatcraAion  of  the  air  for 
the  bullet.    And  in  the  fame  manner,  if  caloric  be 
cither  a  body  of  which   the  fmall  parts  mutually 
repel  each  other,  or  if  it  have  a  difpofition  to  ru(h 
into  every  portion  of  fpace  where  it  can  find  room, 
it  may  effed  its  paiTage  through  the  interftices  of  the 
particles  more  or  lefs  fwiftly,   in  proportion  to  the 
difpofition  of  the  particles  to  make  way  for  it. 

Tlie  iiiimbcrs  cxprefling  the  capacities' of  bodies 
arc  determined  as  has  been  already  mentioned,  by 
obferving  the  rife  of  temperature  produced  in  each 
body  by  a  known  quantity  of  caloric.  If  the  fame 
quantity  of  heat  be  applied  to  equal  bulks  or  equal 
weights  of  different  bodies,  the  capacities  of  thcfc 
bodies  arc  to  each  other  inverfely,  as  the  rife  of  tem- 
perature obferved  in  each.  Several  precautions  are 
ncceflary  tacnfarcthciitcuracy  of  experiments  of 
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this  nature.  Particular  care  mull  be  taken  t 
chemical  union  take  place  among  the  fubftancet 
mixed  for  examination.  Proper  allowances  muft  be 
made  Lr  the  heat  or  cold  connmuni cared  by  the 
velTel  employed,  and  for  the  change  of  temperature 
produced  by  the  furroundingair.  When  thefe  cir- 
cumflances  arc  attended  to,  large  quantities  of  the 
materials  being  ufcd  and  at  various  temperatures,  the 
jtfults  will  probably  approach  to  accuracy.  Pcrfcdl 
accuracy  can  never  be  attained,  but  care  and  (kill 
will  remove  or  leflTen  almoft  every  obftruclion.  Wa- 
ter has  been  generally  ufcd  as  the  medium  of  com- 
parifon,  itsown  fpccific  heat  being cftimated  at  unity. 
Where  no  chemical  atftion  is  exerted  by  water  on 
the  fubftance,  of  which  we  wilh  to  afccrtain  the  ca- 
pacity,  ir  is  frequently  convenient  to  ufe  it  as  one 
ingredient  of  ihe  mixtures.  In  general  there  are 
three  ditferent  ways  of  mixing  bodies  with  each 
other  for  this  purpofe:  i.  Equal  bulks  or  equal 
weights  may  be  taken  fo  as  to  produce  unequal 
changes  of  temperature,  and  then  the  capacities  are 
invciftly  as  the  changes  of  temperature  produced  t 
or  2dly,  Unequal  quantities  may  be  mixed  fo  as  to 
produce  equal  changes  of  temperature,  in  which 
cafe  the  capacilies  are  inverfely  as  the  quantities  of 
matter  j  or,  3dly,  Unequal  quantities  inay  produce 
unequal  changes  of  temperature,  and  then  Dr.  Ir- 
vine fliewcd  ih.it  the  capacities  arc  reciprocally  as 
the  quantities  of  matter  multiplied  into  their  rc- 
fpci5live  changes  of  temperature.  In  all  ihcfe  ways 
a  great  degree  of  accuracy  may  be  attained,  and  1  can 
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fee  no  foiindatioa  for  the  opiiuon  that  equal  hulks  or 
weights  are  prefeabie  to  unequal  oaes ;  on  the  con^ 
trarjr^  <he  eafieft  and  moA  certaifi  wary  (com  to  be; 
the  third.     It  is  frequently  neceiTary  to  u£e  a  thjr4 
liibQanceas  a  nuxlium  with  which  two  others  mwf 
be  compared^  that  their  relative  capacities  may  bf 
difcovercd.      This  is    reqaifite  when   two    bodies 
have  a  chemical  adion  upon  each  otlief^  ,as  fuU 
phuric  acid  and  water.     It  would  be  impoflible  to 
difcover  the  fpecifk  beat  of  that  acid  by  piixing  it 
with  water  in  any  proportions.      A  third   body 
muil  be  mixed  with  each  :  and  in  this  intdance^  as 
will  be  feen  in  the  fecond  part  of  thefe  Eflays^  Dr. 
Irvine  employed  pounded  glafs^  adding  fio  a  given 
weight  of<each  a  quantity  of  glais  fufiicient  to  change 
their  temperature  by  the  fame  number  qf  degrees  : 
then  the  raparirifs  were  as  the   weights  of  glafs 
added.     This  method  differs  from  all  thpfe  already 
fiated,  and,    in  general,    when  equal  quantities  of 
two  different  bodies  are  examined  by  help  of  equal 
quantities  of  a  third,  the  capacities  are  inverfely  as 
the  changes  of  temperature,  but  if  equal  changes  of 
temperature  be  produced  by  unequal  quintities  of 
the  third  body,  then  the  capacities  ar/dire£tly  as 
the  maffies  added.     But  if  unequal  weights  or  mea« 
furcs  be  taken,  the  capacities  may  "^eafily  be  found 
with  reference  feparatcly  to^he  third  body  in  one  of 
the  three  methods  firfT  Hated. 

Proceeding  in  one  or  other  of  thefe  ways.  Dr.  Ir- 
vine determined  the  capacities  of  a  multitude  of 
bodiesj    chiefly  with  a  view  to  certain  opinions  re- 
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gardingthcnaturc  of  caloric  which  he  held  or  wifhcrf^ 
to  examine.  I  am  pofleflcd,  however,  of  the  refult) 
of  comparatively  few  of  his  experiments.  But  I 
have  fubjoined  his  numbers  exprelling  the  capacities 
of  fuch  bodies  as  I  have  been  able  to  afccrtain  to 
have  been  inveftigated  by  him,  in  the  follow  ing  tabic : 


Oil  of  Turpf  ntine 
Iron 

SpiTof«Tnc 
Fluid  Spennartti 
Sulpbuiic  acid 


Capacity  vt 
;qual  weights. 


It  has  been  obfcrved  above,  that  bodies  in  general 
have  their  fpecific  caloric  incicafed  during  their 
fufion.  For  the  niLift  part,  this  change  is  performed 
at  one  ihermometrical  degree  and  at  the  fame  mo- 
ment. But  this  is  not  uithoui  exception;  for  feme 
bodies  pafs  from  the  folid  to  the  fluid  form  not  di- 
rcifllj',  but  after  undergoing  various  degrees  of  foft. 
ncfs  which  at  laft  terminates  in  perfect  fuHon.  Of 
this  kind  we  may  enumerate  bees'  wax,  fcaling-wax, 
fpermaccti,  iron,  and  prnbably  fome  others.  Dr. 
Ininc  made  fome  experiments  upon  this  fubjedt 
by  obfcrving  the  rate  of  cooling  of  a  mafs  of  fluid 
fpcrn  accii  or  bees'  wax.  The  refult  of  thefe  is  as 
follows  : 


BODIES    POa  BEAT. 

EXPEBIUENT  I. 
On  lite  eooiing  of  tnelted  SpermaeeA 


Hour. 

Degree  of  Heat. 

UilT.  of  D^rei-s. 

14.   IC 

123 

11 

IM 

ii\ 

120 

14 

118 

1(1 

118 

18 

118 

SO 

Its 

91 

117 

31 

iiei 

llfl 

j 

S« 

3» 

115 

:jo 

lUl 

. 

S^i 

114 

33 

113 

31 

nil 

i 

35 

u% 

i 

17 

111 

33 

110 

«1 

lyfl 

EXPERIMENT  U. 


Hour. 

Di'grcc  of  iii-at. 

Diir.  of  Degrees. 

1.  IH' 

158 

20 

140 

18 

22 

128 
122 

111 

21 

6 

28 

1191 

3 

118 

li 

30 

118 

0 

S» 

118 

0 

34 

1171 

4 

30 

117* 

^ 

38 

net 

■ 

40 

11a 

42 

115 

44 

114+ 

1— 

40 

113^ 

i 

Z-ii 

7t 

4i\ 
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Hoi>r. 

DeE'ec  of  Heal. 

Diir.  or  DpKr«s. 

3.  5' 

160 

9 

H3 

17 

11 

iSl 

n 

13 

123 

a 

I» 

UH 

3\ 

In  this  experiment  the  firft    congelation   began 
when  the  temperature  was  127°. 


EXPBIITMENT  1 

Hour. 

Ih^grce  of  Iica<. 

Uiir.  oi  Dfgrees. 

3.21 

157 

93 

143 

15 

95 

131 

11 

87 

123 

8 

«fl 

llHl 

3J 

31 

118 

J 

•IR 

118 

0 

In  this  experiment  the  thermometer  was  kept  in 
the  centre  of  the  fluid.  The  firft  congelation  began 
at  126°  +,  and  all  was  rdid,  though  Toft  at  the  lait 
obfervation. 

In  ail  there  experiments  but  the  fourth,  the  thff-' 
momcter  was  kept  at  the  edge  of  the  fluid.  The 
temperature  of  the  air  «as  55',  The  quantity  of 
fpcimaccij  ufed  was  one  ounce. 
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Hour. 

Degrecf  of  boL 

Die  of  degrm. 

1S.54' 

171 

S8 

1S» 

SS 

58 

14S 

1> 

1.   0 

14« 

2 

14« 

4 

I4C4 

131} 

8 
10 

138 
ISfJ 

IS 

I34i 

u 

133 

19 

111 

18 

15» 

3 

KP 

IW 

n 

lU 

44 

183 

m 

1»| 

38 

113 

30 

118 

»  + 

n 

113J 

34 

111 

3S 

109 

38 

lor 

40 

103 

41 

103  — 

«  + 

44 

lOOt 

48 

88 

48 

•8  — 

30 

«* 

9X 

a 

n 

u 

toj 

3S 

8> 

38 

87 

t.  0 

81 

83J 

8H 

«H 

t» 

10 

'•» 

8.  8 

,t 

<ll 
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In  this  experiment  the  thermometer  was  kept  at 
the  edge  of  the  fluid.  The  quantity  of  wax  amounted 
to  one  ounce  and  a  drachm.  The  temperature  of  the 
air  was  p-f. 

It  was  from  thefe  or  fimilar  experiments,  that  it 
was  concluded  by  Dr.  Black  and  Dr.  Irvine,  that 
ihefc  bodies,  which  foften  previous  to  their  complete 
fufion,  take  in  a  part  of  their  latent  heat  during  their 
foftcning.  and  give  it  out  again  during  their  gradual 
hardening.  Dr.  Irvine  conceived  further,  in  purfu- 
ance  of  the  principles  of  his  theory,  that  thefe  fub- 
flances  change  their  c-ipacitics  for  heat  gradually.  It 
ought  to  be  obfcrved  that  this  forms  no  exception  to 
the  principle  that  bodies  only  change  their  capacity 
with  their  form.  For  we  have  here  a  gradual  and 
progrefiivc  change  of  a  capacity,  at  pvery  flep  of, 
which  a  correfponding  change  of  forni  takes  place. 
It  is  in  vain  to  bring  this  as  an  argument  againfl  the 
permanence  of  capacities.  With  as  much  reafon  it 
might  be  objefled  that  folids  in  general  change  their 
capacities  during  fufion,  and  fluids  when  they  afTunic 
the  gafcous  form.  There  is  no  change  of  capacity 
dM^ingthc  fofiening  of  bodies  of  which  warning  is 
not  given  to  the  fenfcs  by  an  alteration  in  the  ap- 
pearance -of  the  body  approaching  to  fluidity;  and 
the  advocates  of  the  oppofite  opinion  may  be  chal- 
lenged to  produce  any  indance  of  an  alteration  in  the 
fpecific  caloric  of  pny  body  which  does  not  accom- 
pany a  more  or  iefs  conlldcrable  change  of  form. 

The  knowledge  of  the  capacities  of  diflcrcnt  fub- 
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ftances  is  of  importance  in*  various  points  df  view, 
but  cfpccially  with  regard  to  the  quantity  of  caloric 
contained  in  bodies.  •  It  is  impoflible'to  d<$terminc^ 
to  what  ufes  the  tables  of  fpccific  caloric  may  bfeap-: 
plied  in  future,  but  a  ftore  of  fads  always  turns  to 
advantage  at  one  time  or  other.    It  is  probable  that 
if  ever  philoibphers  (hall  arrive  at  a  more  diftinA 
knowledge  of  the  anions  of  the  fmall  particles  of 
matter  upon  each  other;  an  accurate  acquaintance  with 
thefpecific  calorics  will  be  of  much  importance.     In 
the  mean  time  our  prefent  coitfideration  mu ft  chiefly 
be  dire(5led  to  capacities  as  theprobablemeafures  of 
the  abiblute  heat  of  bodies.  '  - 

It  is  to  be  inquired  then,  dcr  bodies  contain  caloric 
in  prc^ftion^tO'their':Q)ec46t^«tieats.  This  appears 
to  be  highiy  probabl^,  Ivheil  it  is'Cdnfidercd  that 
the  experiments  "for '  determining  the  fpecific  heats, 
of  bodies  are  only  ^obferv^nldns  of  the  changes  of  tem« 
perature,  produced  in  equal  quantities  of  each  by  equal 
quantities  of  beat>  and  that  it  appears,  that  as  far  up 
and  as  low  dowti  as  thefe  experiments  have  been 
made  in  the  thermometric  fCiile,  there  is  no  alteration 
of  capacity,  while  the  body  retains-  the  fame  form. 
For  the  perfeft  juftnefsof  this  obfervation  it  is  only 
rteceflary  to  refer  to  the  experiments  of  the  beft  au- 
thors on  this  fubjedt,  as  for  example,  Crawford  and 
Wilcke.  As  far  then  as  adlual  obfervation  has  gone, 
capacitiesare  permanent,  and  it  is  reafonably  inferred 
that  the  fame  thing  is  true  to  the  point  of  total  pri- 
vation, finco  of  the  contrary  fuppofipon  there  is 
neither  experimental  nor  theoretical  evidence.    If  k 
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were  poiTibIc  to  add  experimental  proof  of  this,  it 
ought  undoubtedly  to  be  done.  But  this  clearly  is 
and  always  mult  be  impofTible.  Since  then  there  is 
not  the  fma!lefl:  ailignable  rcafon  why  the  capacities 
of  bodies  fhould  vary  in  exircnnc  colds,  but  exceed- 
ing!/ plaufible  argumenis  why  they  (hould  be  per- 
manent ;  let  us  for  a  moment  confider  what  confe- 
quenccs  ought  to  follow  the  one  or  other  of  ihcfc 
fuppofuions,  and  compare  them  with  the  adtual 
ftarcoffaifts.  It  is  evident,  that  ifcapacities  are  per- 
manent, two  bodies  which  diminiHi  their  capa- 
cities when  mixed,  ought  always  to  become  warmer 
than  they  were  before  mixture.  And  this  is  by 
experiment  found  to  be  the  cafe  without  a  finglc 
exception.  On  the  other  hand,  bodies  which  become 
warmer  by  mixture  ought,  if  capacities  are  per- 
manent, or,  in  other  words,  if  bodies  contain  caloric 
according  to  their  capacities,  always  to  have  the  ca- 
pacity of  the  mixture  lefs  than  the  mean  of  the  ca- 
pacities before  mixture.  And  this  is  no  Icfs  certainly 
and  univerfaliy  true  than  the  former.  Tbefe  coin- 
cidences are  furdy  very  remarkable,  and  ought  to 
make  us  paufc  to  confider  whether  this  accompany- 
ing change  of  capacity  is  competent  to  account  for 
the  changes  in  the  fituation  of  the  caloric  of  the  bo- 
dies. Bui  fmce  it  is  competent  to  this  purpofe,  it 
is  unnecefiary  to  make  another  fuppolition  to  ac- 
count for  the  phenomena.  For  no  theory  can  pol^ 
fibly  deny  that  the  change  of  capacity  13  more  or 
Icfs  concerned  with  the  changes  of  temperature.  And 
it  it  contrary  to  the  maxims  of  found  philofophy  to 
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make  more  fuppofitions  chafi  are  fufficient  to  explain 
the  fads. 

We  are  acquainted   with  three  dates  in  which 
moft,  if  not  all  bodies  may  exift  with  regard  to  heat, 
the  folidy  the  fluids  and  the  aeriform  (late.     It  has 
been  fuppofed^  and  is  not  wholly  impofTible,  that 
there  may  be  fome  other  ftate  at  very  low  tempenu 
tures.     It  may  alfo  be  fuppofcd,  for  it  cannot  be  de- 
monftrated,  that  capacities   may   vary  in  extreme 
colds.     Of  the  firft  of  thefe  fuppofitions  it  is  necd- 
Icfs  here  to  fay  any  thing,  as  it  is  equally  out  of  our 
power  to  prove  and  difprove  fuch  an  hypothefis,  and 
allowing  it  to  be  true  it  would  affedi  the  reafoning 
concerning  the  abfolute  heat  of  bodies,  only  in  at 
far  as  a  change  of  capacity  accompanied  a  change 
of  form.     The  coniideration  therefore,  of  the  effeft 
of  a  change  of  capacity  on  the  computation  of  the 
quantity  of  heat  contained  in  a  fubftance,  will  include 
all  cafes.     It  has  been  generally  fuppofed   that  bo- 
dies cannot  contain  heat  in  proportion  to  their  ca- 
pacities, unlefs  the  capacities   be  permanent.     M. 
Seguin  has  pofirively  alTerted,  that  this  preliminary 
is  ncceflary  to  be. admitted  if  this  do<flrine  be  true, 
and  the  aflertion  has  pafTcd  current.    As  far  as  I  per- 
ceive, however,  fuch  a  change  will  make  no  altera- 
tion whatever  on  the  abfolute  heat  of  any  body  com- 
puted before  the  change  of  capacity  takes  place.     At 
leaft  whatever  differences  may  arife,  no  new  argu- 
ment can  be    derived   from   that  fource,    further 
than  from  the  already    agitated  point  of  difput^ 


OV    THE    CAPACITIES    OF 


the  change  of  capacity  during  the  procds  of 

The  propofnioft  to  be  defended  is,  that  bodies 
contain  heat  in  proportion  to  their  fpccific  caloric. 
If  the  capacity  remain  permanent  to  the  natural 
zero  or  point  of  total  privation  of  all  heat,  it  ap- 
pears that  an  equal  portion  of  caloric  will  be  re- 
quired to  raifc  the  tcmpcnture  of  the  body  each 
degree  to  the  inciting  po:nt.  Confcquently,  if  the 
iBlur.ll  zero  be  the  fame  point  in  all  bodies,  any 
two  foJid  fubflances  at  the  fame  degree  of  temperature 
contain  heat  propcitionally  to  their  capacities.  For 
the  number  of  degrees  is  the  Uxac  in  bo:h,  and  the 
Khote  luunbcr  of  the  degrees  in  anj  one  is  equal  to 
the  whole  in  any  other,  and  each  degree  in  both  bodies 
is  nufcd  by  a  portion  of  calonc,  proportiooal  to  the 
apKtty  of  each.  Wlicacc  tbc  vfaole  heat  in  the 
one  body,  is  lo  the  whole  heat  in  the  other  body,  as 
the  capacitf  of  the  oac  ts  to  the  capacit)*  of  tbc 
other,  if  the  capacitka  continue  pcimanenc.  and  all 
experiments  coftcur  to  pto^e  this  to  be  the  cafe,  as 
bt  as  it  has  been  poUiblc  to  tnaie  tbcm. 

If  hn«cvcr  rix  capacity  be  fuppcfed  to  vaiy,  tr 
luult  either  dinumfh  or  incrcaf&  FiHl:  let  it  di- 
tium(h«  then  the  bear  of  icc  body  in  its  fiatc  of 
tUnuntfticd  capaciiy,  plus  the  heat  giicn  out  do- 
rit^  tbc  «boI<  cb-ange.  is  ajtsl  :o  ibe  shole  beat  of 
the  body  bct^  the  change.  The  body  ia  cich  tau 
coiUaitts  heat  pr^^pociiocuUT  id  is  capicicy,  arai  At 
qwptity  ^ve«  out  is  the  dSbcncc  of  the  iN^j^air 
t  ia  tbeSr  r«o  caics.    Evot  dqgitc  oi 
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pclaturc  of  the .  body  in  both  ftatcs  is  raifed.  by  a 
quantity  of  caloric  proportional  to  the  capacity. 
Whence,  if  the  higher  capacity  of  the  bbdy  be . 
known^  the  abiolute  heat  will  be  in  a  known  tatio  to 
it,  and  will  not  be  afFefted  by.any  diminution  of  ca« 
pacity  between  the  melting,  point  and  the  point  of 
total  privation.  The  object  is  to  afcertain  the  whole 
heat  in  the  body  as  it  adually  is,  not  what  it  may 
lofc  if  reduced  to  a  lower  temperature. 

But  if  the  c^ipacity  be  fuppor<:d  to  inci^fe,  the 
very  lame' ailments  apply  .as  in  the  former  cafe^ 
and  it  is  of  no  importance  what  heat  may  flow  into 
the  body  at  Ibw  degrees  of  tcmpersfture,  fince  none 
of  that  heat  is  now^  in  the  body,  and  we  wifh  to 
know  the  aAual .  (late  of  the  fubftance  with  regard 
to  taloric,  and  not  any  increments  which  in  certaia 
circumftances  it  might  receive,  but  by  which  it  is 
not  atprefent  affetfled. 

Though  this  reafonitig  is  applied  only  to  one 
change  of  capacity,  it  may  be  equally  extended  to 
any  number  of  alterations,  and  that  whether  the 
changes  be  all  diminutions,  all  enlargements,  or  any 
mixture  of  both.  This  is  fufficiently  evident  with- 
out any  further  demonftration. 

Geometrical  figures  cannot  in  cafes  of  this  kind 
be  admitted  as  proofs  on  either  fide  of  the  queftion. 
But  as  they  fometimes  tend  to  illuftrate  and  render 
more  perfpicuous  a  fubjedt  in  itfelf  rather  obfcure, 
by  prefenting  the  evidence  more  direiftly  to  the 
fenfes,  I  fhall  now  repeat  the  rcafoning  above  ftatcd 
with  the  help  of  a  diagram. 
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Let  there  be  any  body  whofc 
capacity  is  rcprefented  by  the  line 
AB,  and  the  number  o(  degrees 
in  which  from  the  point  of  total 
privation  of  heat  is  rcprefented  by 
the  line  A£  at  right  angles  to 
AB.  Complete  the  parallelogram 
AEFB.  It  is  afBrmed  that  that 
parallelogram  reprcfents  the  whole  heat  in  the  body 
computed  from  the  point  of  thermomctric  elevation 
A  to  the  natural  zero  E.  This  is  obvioufly  true,  if 
it  be  allowed,  as  every  experiment  renders  probable, 
that  the  line  AB  is  equal  to  the  line  EF,  and  that 
if  any  line  be  drawn  parallel  to  AB,  and  cutting  the 
lines  AE  and  BF,  the  part  intercepted  by  thcfe  lines 
is  equal  to  AB.  But  if  this  is  not  granted,  then 
fuch  a  line  muft  either  be  Icfs  or  greater  than  AB. 
Firft  let  it  be  found  by  experiment  to  be  lefs,  as  for 
example  CD.  Produce  CD  to  R.  Then  the 
abfolute  heat  of  the  body  at  the  temperature  C  is 
CG,  and  the  abfolute  heat  at  the  point  A  is  com- 
pofcd  of  the  figures  AR  +  CG  +  RG,  which  laft 
figure  is  the  heat  given  out  during  the  fuppofed 
change  of  capacity.     In  the  figure  mm 

INL  it  might  be  flicwn  in  a  fimi-  'f  ~~  ^  ^ 
lar  manner,  that  an  incrcafe  of 
capacity  would  make  no  difference 
in  the  abfolute  heat  of  a  body 
computed  from  a  fupcrior  tempe- 
rature to  that  at  which  the  change 
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iakcs  place.  The  point  to  be  dctcrtnin<d  in  this 
cafe  is  the  amount  or  value  of  the  figure  IPNK,  and 
it  is  clear  that  this  may  be  found  without  any  re- 
ference to  the  additional  figure  MNOL  which  docs 
not  cxirtat  the  temperature  I. 

It  tnuft  be  underllood  that  I  offer  this  as  an  il- 
luflrationonly,  or  at  rhoft  a  different  modeof  ftating 
the  argUinent,  and  by  no  means  as  a  mathematical 
demonftration,  of  which  the  fubjeifl  is  not  fufceptj- 
ble.  Enough  however  has  b^en  fiiewn,  if  I  judge 
truly,  to  make  it  clear  that  M.  Seguin's  opinion  and 
that  of  fome  later  authors,  who  have  borrowed  it 
from  him,  is  not  well  founded,  and  that  whether  the 
dodrinc  of  capacities  be  true  or  falfe,  this  objedion 
at  leaft,  has  no  weight.  The  objciftion  is  entirely 
theoretical  without  any  experimental  fupport,  and 
fny  view  here  has  been  to  Ihew  that  the  theory  fairly 
Underftood  is  not  obliged  to  pfefuppofe  any  perhia- 
nency  of  the  fpecific  heat  of  bodies. 

From  thcfe  ai^umcnti,  I  hope  it  will  appear,  that 
the  only  point  which  admits  of  difpute  is,  whether 
bodies  in  general  give  out  or  take  in  caloric,  during 
a  change  of  form  in  fuch  quantity  as  to  make  the 
new  abfolute  caloric  proportional  to  the  new  capa- 
city. To  determine  this  by  irrefragable  evidence, 
it  would  be  ncceffary  previoufly  to  know  the  abfblutc 
heat  of  the  body  examined,  our  knowledge  of  which 
point  will  be  difcufTed  in  a  facceeding  cflay  on  that 
fubjcft.  It  is  clear,  that  to  confute  the  propofcd 
doArint,  would  require  the  fame  procedare.    But, 
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as  the  prccifc  aniouiic  of  the  whole  heat  of  bodie*' 
cannot  yci  be  fakl  lo  be  accurately  afccrtaincd,  we 
tnun  be  ronienttd  with  con(ideiing  the  other  parts 
of  ihc  argurncnt,  and  it  is  from  Aich  confide  rat  ions 
that  we  have  concluded  that  bodies  do  really  con- 
uin  heat  in  proportion  to  their  capacities.  It  has 
been  remarked,  thai  as  far  as  atftual  experiment  has 
gone,  caloric  enters  inio  fubftanccs  in  a  quantity 
determinable  by  their  fpecific  heats,  excepting  only 
\vhen  axhange  of  form  enfucs.  It  has  been  fuppofed, 
Jloueverj,  bj-fome  philofophers,  that  as  various  che- 
jnical  agents -combine  with  each  other  only  in  de- 
iinite  quanricJcs,'  fomcthiiig.of  this  fort  may  tak^ 
place  in  the  rcU;tions  of  heat  with  matter,  and  th^ 
the  lower  degrees  of  temperature  may  be  raifed  b](? 
fmaller  additions  of  caloric.  The  iUufiration  chofcn 
in  this  inftance,  that  of  the  union  of  oxygen  with 
metals  and  other  eombuftible  fubftanccs,  does  not 
fccm  at  all  likely  to  flrengthcn  the  argument.  Oxygen 
and  many  bodies  unite  with  other  fubHances,  only 
jn  thrce-or  four  different  dafes  or  portions.  Butfurely 
■this  does  not  bear  the  rcmotcil  analogy  to  the  cafe  of 
caloric,  which  combines  ^ith  or  enters  into  bodies 
in  any  iniagtiiabie  quantity  without  a  known  limit. 
If  an  ilUiftration  mufl:  be  chofcn  from  the  combina- 
tions of  bodies  by  chemical  attradtion,  let  one  be 
taiten  which  fliall  ana!9gife  in  all  points.  It  fcems 
-more  reafonablc  to  have  recourfe,  for  the  fake  of 
comparifon,  to  fuchan  union  as  that  of  fulphuric  acid 
tt'hh  wAier,  which  caji  iu:- cU'c^^cd  with  i^iy  propor- 
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Tjons  of  the  two  ingredients.     And  in  this  inftance,. 
k  does  not  appear  that  there  is  anf  decreafing.or 
increaiing  ratio  of  the  quantities  of  the  acid  neceflary 
to  form  a  feries  of  combinations  with  the  water^  nor 
is  there  any  reafon  to  fuppole  that  the  original,  or 
firft  unions  of  the  acid  with  the  water*  contains  Idk 
or  more  acid  than  the  fuccecding  ones.  Nothing  can 
be  more  theoretical^  than  the  fuppolitionof  the  ne^^ 
ceffity  of  the  new  unions  of  caloric  being- conihintl^ 
forprted,  not  by  the  origirtaf  pafrticle,  but  by  the  new 
compound.    Nor  can  we  Mimit  any  eridence  from 
fuch  fources^  to  ihind  agninft  the  nndre  (impie  deduea 
tions  from  fads.     It  doee  ndt'fignify  to  us  fo  cnuchj 
to  know  how  the  union  is  fbrmed>  as  to  learn  tha 
latio  in  which  the  ingredients  enter. »       :* 

In  conlidcring  therefore^  the  effcAs  'df  a-  change 
of  capacity  upon  this  temperature  of  any  body,  it 
appears  neceffary  in  the  prefent  ftalte  of  knowledge 
to  allow,  that  fiich  temperature- muft  Be  iricreafed 
with  the  diminution  and  diminifhed  witli  the  incretfi 
of  the  capacity;  and  in  all  cafes  -whetie  a  change 
of  capacity  and  a  change  of  temperature  occur  at  the 
fame  inftant,  that  certainly  a  part^  and  ntoft  pro^ 
bably  the  whole  of  the  heat  appearing  or  difap^ 
pearing  is 'to  be  accounted  for  on  the  principles 
here  endeavoured  to  be  eftablilhcd.  The  very  idea 
of  caufe  and  effedl  is  clofely  conneded  with  limple 
confcquence,  and  has  even  by  fome  ingenious  philo-* 
fophers  been  fuppofcd  to  be  only  a  general  obferva- 
cion  of  the  conflant  appearance  of  two  circumftancct 
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ia  fiiccdBon  to  each  other.  But  in  all  the  pbenomeni 
of  oaturr,  rt^ardtng  caloric,  there  is  rcarcely  an  itu 
ffauKC  where  heat  is  producrd  or  conpcrature  raifcd 
without  a  conrfpondir^  chatige  of  capacity.  Wc 
except  alone,  the  pnxlutftioo  of  heat  bj  the  fun's  n^rs 
and  the  caloric  collcdcd  by  fridion.  Even  thcfe 
maf,  perhaps,  be  referable  to  ibe  fame  bead  when 
duly  examined,  and  they  are  but  a  fmall  part  of  the 
objc&  of  difcufTion,  ^nd  do  not  bear  peculiarly  upon 
our  argumeru.  But.  to  vhat  is  this  alinoft  univerfal 
ccHOcidcnce  of  the  change  of  capacity  and  the  chao^ 
of  temperature  to  be  attributed?  Ought  we  ikx  to 
conclude,  that  the  one  of  ihefe  tnuil,  in  foroe  way, 
be  the  caufe  of  the  other,  and  iince  the  chu^  of 
temperature  cannot  be  made  to  account  for  tbc 
change  of  ca[»ciry,  that  the  change  of  capacity  which 
affords  an  adequate  explanation  of  the  alteration  a£ 
temperature,  is  the  caufe  of  that  alteration. 

M.  M.  Lavoificr  and  Laplace  have  entered  into 
fomc  difcuHion  regarding  the  manner  in  which  caloric 
is  combined  with  bodies.  They  fuppofe  that  a  body 
can  contain  heat  according  to  its  capacity,  only  in 
as  far  as  that  heat  is  admitted  among  the  particles  of 
the  bndv,  but  by  no  means,  if  ihc  caloric  enter  into 
(he  molecules  tbcmfelves.  ThedifcuHion  of  topici 
£o  obfcurc  as  the  adion  of  particles  upon  each  other, 
is  not  often  very  fatisfaiflory,  and  it  appears  totally 
impofTiblc  to  afcertain  whether  caloric  does  or  docs 
not  enter  into  the  molecules.  It  ought  firft  to  be 
•fceriaiiied  what  a  (nolecule  is  to  be  confidered  to  be. 
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whether  an  tflcmbli^  of  firMiller  meleeules,  or  ta 
indivifihfe  pprtkit*    |n  <hc  former  cife,  the  mole, 
ciik  maf  hepeiicjtmed  bf  aioric  tocordtng  to  the 
ft«e  laws  at  higer  «a|fet  are.    In  the  latter,  there 
leema  no  reafon  to  allow  it  to  be  penetrable  at  aH^ 
Luckily  i€  is  of  no  gmic  importance  which  of  thefe 
k  true,  and  itfae  fiitjfift  may  be  more  beneficially 
coniidered  withouc  adverting  at  ail  to  cbe  adion  of 
die  ultimate  partkka  of  matter^ 
-   Another  gentleman,  Pr.  Thomfiin,  of  Edinburgh^ 
tea  objeded  eo  the  theory  of  capacitiei  upon  other 
grounds.    I  had  occaioa  to  take  ncrioe  of  certain 
dpiniont  of  his  upon  this  fubjed  in  another  place.  ^ 
Thefe  opinions  wen  originally  Infeifed  in  (the  fuppie*. 
«ient  to  the  Encyclqpaeidia  Britanniea^    They  were 
a  fecond  time  broujght  forward  by  that  gentleman^ 
in  his  Syftem  of  Chemiftry  s  I  quote  hk  own  words^ 
^  An  objeftion  Co  this  ^explanation  of  fluidity 
{Dr.  Black's)  was  ftaited  by  J>^  irvioe  of  Glalgow. 
According  to  hkn,  the  phenomena  may  be  explained 
without  having  necourfe  to  the  calorit  of  fluidity  at 
all.    For  the  fpectfic  caloric  of  water  being  greater 
than  that  of  ke,  a  greater  quantity  of  caloric  is  ne- 
ceflary  to  raife  water  to  a  given  temperature  than 
is  ncceflary  to  raife  ice  to  the  fame  temperature. 


•  Nicholfon's  Journal,  Vol.  5th. 

J  Thorafon's  Syftcm   of  Chrwiftry,  \ol   1,    p.  32(S,  Firil 
J^ition. 
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The  ififtant,  chereforc,  that  ice  is  converted  inl 
water,  its  temperature  would  fink  confide rably  if  it?' 
did  not  abibrb  an  additional  dofe  of  caloric.  The 
caloric,  therefore,  which  is  abforbcd  during  the  melt- 
ing of  ice  does  not  combine  with  the  ice  and  convert 
it  into  water,  but  after  the  ice  has  been  melted  it  ii 
abforbcd  by  the  water  generated.  This  theory  was 
^ealoufly  adopted  by  Dr.  Crawford. 

"  Dr.  Black  obfcrved  very  juftly,  that  it  does  not 
account  for  the  production  of  fluidity  at  all.  The 
fpccilk  caloric  of  water  is,  indeed,  greater  than  that 
of  ice;  but  how  is  ice  convened  into  water?  This 
is  an  objtiilion,  which  the  advocates  of  Dr.  Irvine's 
or  Dr.  Crawford's  theory  fas  it  has  been  improperly 
called)  will  not  cafily  anfwer.  But  independently  of 
this,  the  theory  cannot  beadmitial,  becaufc  it  pro- 
ceeds onmiftakcn  notions  refpcAing  fpeciik  caloric; 
becaufe  it  is  inconfiftent  with  the  phenomena  which 
it  pretends  [o  explain,  and  becaufe  it  leads  to  abfurd 
iMid  contradictory  confci.]ucnccs. 

"  Let  us  fuppofc,  according  to  the  experiments  of 
thcfe  philofophers  thcinftKcs,  that  thclptcific  caloric 
of  ice  is  to  that  of  water  as  9:10,  and  that  we  mix 
together  equal  quantities  of  ice  at  32,  and  water  at 
172,  the  temperature  alter  mixture,  fuppofing  thp 
ice  not  to  melt,  ought  to  be  106° ;  becaufe,  for  every 
9*  which  the  water  lofl,  the  ice  would  receive  10°. 
But  as  the  ice  melts,  its  fpccific  caloric  will  become 
equal  to  that  of  water,  that  is  to  fay,  it  will  abforb 
-jV  more  of  caloric  than  wc  have  fuppofed.     Wc 
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muft^  therefore^  diminifli  the  heat  of  th#  mixture^ 
by  one  half  of  this^  or  5"";  confequently^  according- 
to  Dr.  Irvine's  theory^  the  temperature  of  the  mix- 
ture ought  to  be  about  loo"*;  but  this  is  contrary  to 
faSt,  for  it  is  only  32'.  The  theory,  therefore,  can- 
not be  true.  But  farther^  iince  equal  quantities  of 
ice  at  32  and  water  at  172  after  mixture,  are  only 
of  the  temperature  of  32%  it  follows,  if  Dr.  Irvine's 
theory  be  true,  that  the  fpecific  caloric  of  ice  is  140, 
and  that  of  water  o,  or  at  leaft  that  the  fpecific  caloric 
of  ice  k  infinitely  greater  than  that  of  water;  for  the 
water  is  cooled  down  140^  and  the  ice  is  heated  o^ ; 
confequently  the  caloric,  which  is  fufficient  to  heat 
water  140,  is  not  fufficient  to  produce  any  fenfible 
efiedt  upon  ice,  or  rather  melted  ice,  that  is  to  iay, 
water.  This  confcquence  is  fo  palpably  abfurd  and 
contradictory,  that  it  is  fufficient  to  overturn  any 
theory  from  which  it  follows." 

This  ftatement  diffisrs  in  no  refpeft,  but  iii- greater 
length  and  more  complete  mifreprefentation  of  the 
fubje<2,  from  that  of  which  I  endeavoured  toihew 
the  fallacy  in  the  5th  volume  of  Mr.  Nicholfon'& 
Journal.  If  I  do  not  miftake,  it  woiild  be  fufficient 
to  allow  thefe  arguments  to  be  their  own  anlwer. 
But  to  remove  all  doubt,  as  far  as  I  can,  I  will  now 
proceed  to  point  out  the  objc<flionabie  parts  of  Dr. 
Thomfon's  reafoning. 

Dr  Thomfon  begins  by  rcprefenting  the  theory  in 
queflion,  as  if  the  ice  firft  had  its  capacity  enlarged 
in  the  ratio  of  9  :  10,  and  then  took  in  the  latent 
heat,  a  ftatement   neither  necelTary  nor  fair,  as  I 
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have  clfcwhere  attempted  to  prove.     The  change|| 

inflantaneous  in  each  particle,  and  whether  the  im 
crcafe  of  capacity  be  the  caufc  of  the  fluidity  or  thi 
revcife,  or  if  fomc  other  and  unknown  caufe  operatej^ 
it  is  irnpoflible  to  decide.  But  there  is  no  reafon  for 
objcding  to  the  theory,  that  the  enlargement  of  ca, 
pacity  takes  place  before  the  entrance  of  the  caloric. 
They  maybe  conlldcred  ag  frmultaneoui.  If  on  1 
the  one  hand,  the  caulc  o(  tufion  is  demanded,  on  ' 
the  other,  (lands  the  increafc  of  fpecific  heat,  as  re- 
markable, and  equally  in  need  of  explanation. 

In  the  third  paragraph,  where  Dr.  Thocnlbn  em- 
ploys fo  much  mathematical  rcafonJng  to  divide 
140°  of  caloric,  between  ice  and  water,  be  conceives 
the  ice  to  begin  the  enlargement  of  its  fpecific  heat 
At  33°,  though  Dr.  Irvine,  and  all  the  philofophcri 
who  have  followed  his  dcxiUines,  as  far  as  I  know, 
computed  chis  incrcalcto  begin  at  the  natural  zero. 

There  is  little  wotider  that  the  numbers  did  not 
agree  in  thii  way  of  reckoning.  If  the  change  be 
niade  from  31°  to  the  natural  zero,  the  matter  be- 
comes plain.  Calling  the  point  of  total  privation  of 
all  heat  n6o°  below  32"  as  mcafurcd  by  thecapa- 
city  of  water,  or  1400"  by  that  of  ice,  the  capacities 
of  ice  and  water  being  as  9  :  jo :  and  the  caloric  of 
fluidity  being  140"  by  the  capacity  of  water,  or 
155°. 55J  nearly  by  that  of  ice,  let  equal  quantitieaof 
ice  at  32°  and  water  at  172'  be  mixed,  the  temper- 
ature it  32»,  and  the  whole  is  become  fluid.  But 
«4iat:  ate  the  J5S'>555  loft  by  the  waur?     They 
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fift  gfne'  to  make  up  the  dtfleremqi  between  etch 
(degree  of  the  ice  from  1400^  below  31*  up  to  ja'^and 
joich  degree  of  the  water  between  the  fame  points. 
That  is  to  lay,  iSS*'SS$  ^^  equal  to  the  difference 
between  i40o'*i  meafured  by  the  capacity  of  water^ 
and  i40c;^>  meafured  by  that  of  ice.  Therefore^ 
from  1400'j  by  the  capacity  of  water,  take  155^555 
by  that  of  ice»  or  what  is  the  fame  thing,  140^  b/ 
that  of  water,  and  there  remains  1 260^  meafured  by 
the  capacity  of  water,  equal  to  1400%  meafured  by 
^e  capacity  of  ice.  From  which  it  appears,  that 
fhe  numbers  agre^  and  the  proportions  are  in  per« 
jfeA  harmony*  I  may  here  remark,  that  it  is  a  great 
fklvanti^  to  expreft  the  abfoiute  heat,  of  the  toiid  in 
^feprees  meafured  by  the  capacity  of  the  fplid,  and 
that  however  accurately  the  abfoiute  heats  of  bodies 
be  determined,  the  natural  zeros  can  never  coincide^ 
ynlefs  the  numbers  are  governed  by  the  capacity  of 
the  body  in  queftion,  which  circumftance  is  occa* 
iionally  overlooked  by  authors. 

Dr.  Thomfon  obferves,  that  when  ice  melts,  its 
fpecific  caloric  will  become  equal  to  that  of  water; 
that  is,  it  will  abforb  ,^  more  of  caloric  than 
we  have  fuppofed,  and  in  this  aflertion  lies  his 
greateft  miftake.  He  fuppofes  the  abforption  of 
caloric  in  connexion  with  the  new  capacity  to  begin 
tonly  at  32,  and  therefore  his  argument  does  not 
apply  to  the  thecMy  of  capacities,  but  to  an  imagi. 
nary  hypothclis  of  his  own.  He  is  further  wrong  in 
aflerting  that  ice  abforbs  f^  more  heat  on  its  fufion. 
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It  abforbs  -^j  as  for  example,  if  ice  conram  iJi 
at  21,  in  melting,  it  takes  in  140,  which  is^of 
1260°,  not  ,-j,,  and  fo  univerfally.  Surely  if  Dr. 
Thcmfon'sftatement  were  rij^tit,  his  mixture  of  ice 
and  water  would  not  have  a  dilTercnt  temperature 
from  one  of  two  portions  of  water  at  32"  and  172% 
that  is  a  mean.  What  is  meant  by  diminifhing  the 
heat  of  the  mixture  by  one  half  of  -^  or  5°,  I  am  at 
alofs  to  comprehend. 

It  can  hardly  be  necefTary  to  follow  this  gentleman 
ihreugh  ihe  reft  of  his  argument.  Yet  I  may  afk, 
■who  knows  not  that  eiipcrimcms  for  determining 
fpecific  heats  muft  not  be  made  on  bodies  while  thejr 
change  their  capacities.  Notwiihflanding  which. 
Dr.  Thomfon  finillies  by  inferring,  that  the  capa- 
city of  ice  is  greater  than  that  of  water,  bccaufc  140* 
from  water  have  not  heated  ice  at  32°  at  all,  but 
only  melted  it :  and  this  he  alTcrts  in  the  very  fece 
of  a  change  of  fpecific  heat  from  g  to  10. 

To  conclude,  this  is  called  a  confequencc  fa 
pably  abfurd  and  contradidory,  that    it  is  fufficicnC 
fo  overturn  any  theory  from  which  it  flows. 

Since  writing  ihe  foregoing  remarks,  another  edi- 
tion of  Dr.  Thomfon's  work  has  appeared,  in  which, 
though  what  1  confidcr  as  the  principal  errors  con- 
cerning Dr.  Irvine's  theory  are  retained,  fome  points 
area  little  altered.  The  fame  gentleman  alfo,  in 
his  anfwcr  to  the  Edinburgh  Review  of  his  work, 
has  adverted  to  my  former  ftriJlures  on  his  Eflay  on 
Chcmiftry  in  the  fupplement  to   the  Encyclopie. 
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dia  Britanmcaif  .He  there  obferves^  that  he  is  far 
enough  from  thinking  that  I  have  eftablilhed  id/ 
father's  opinions.  I  hope  I  am  not  fo  thoroughly 
blinded  by  felf-love^  as  to  imagine  even  for  a  okm 
meat,  that  I  have  been  fo  fortunate  as  to  fucceed  in 
that  attempt.  But  I  can  with  equal  truth  afTure  my. 
ingenious  opponenit^  that  I  am  juft  as  far  from  think-* 
ing  that  be.  has  confuted  them.'  Which  of  us^  or 
whether  either  of  us  is  right,  mud  be  left  to  others 
to  decide.  I  am  not  Lnfenfible  that  many  important 
objections  havejbeen  ptiopofed  from  quarters  ofg^reat 
authority  to.  my  father's  dodrines*  It  has  in 
thefe  Efiay&.been  my  defire;  however  inadequate 
my  power^  to  fhew  the  irrelevancy  of  thefe  argu« 
ments.  Dr.  Thomfon  has^  with  peculiar  care  and 
confiderable  fidelity^  detailed  all  or  the  greater 
part  of  thefe  objedtions.  fiut  I  confefs,  perhaps  it 
is  my  misfortune^  that  I  cannot  fee  any  force  in  the 
additional  arguments  which  he  has.  invented  upon 
this  fubjeft.  Thefe  have  always  appeared  to  me  to 
proceed  upon  a  mifconception  of  the  theory  in 
difpute. 

The  matter  of  fcientific  works  is  fo  much  more 
important  than  the  manner,  that  it  is  fcarcely  worth 
while  to  advert  to  the  latter.  Yet  Dr.  Thomfon 
could  not  be  furprifed  that  I  fhould  not  be  altoge- 
ther gratified  with  the  manner  in  which  he  accuf- 
tomed  himfelf  at  firft  todifcufs  my  father's  opinions, 
if  he  refleded  on  the  air  of  fagacious  fuperiority, 
the  appearance  of  eafi I y  clearing  away  difEciiUieS| 
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which  had  pulzled  and  do  flill  perplex  the  braids  of 
leis  fortunate  enqiiirers^  with  which  that  part  of  hi^ 
work  was  compoftd.  I  am  perfaaded  Dr.  llionifbri 
did  not  inrcfld  to  produce  fdth  in  tfflcft,  and  an< 
ready  to  admit  that  thefe  oblervatkins  do  not  applf 
to  the  laft  edition  Of  his  getienllly  slble  ^rfbrtnance. 

It  is  with  fonie  regret  I  obfehre^  that  that  gentler 
Inan  has  accufed  me  of  Urant  of  candour^  in  criticif^ 
ing  his  article  in  the  flncycloptf^lia  Brhannica^  rather 
than  his  fyftem  of  Chemiftry^  This  charge  it  be-t 
conies  me  to  repel,  and  I  truft  1  (hall  not  attempt  to 
do  fo  without  fuccefa.  The  (fate  of  the  ffldt  was^  that 
it  fo  happened^  that  I  was  in  pofleilion  of  the  firft 
but  not  of  the  laft  of  thefe  publications,  and  I  was 
fatisfied  with  confuking  the  Syftem  to  afcertain  that 
no  improvements  had  been  made.  I  then  imagined 
that  1  had  otferved  that  the  argumenu  were  nearly^ 
or  at  any  rate,  materially  the  fame  in  both^  and  that 
of  confequenee^  it  mattered  very  little  which  1  en* 
deavoured  to  anfwcr.  Even  yet,  upon  referring  tcf 
the  works,  I  can  perceive  no  eflcntial  difference,  ex- 
cepting that  it  is  no  longer  aflertcd,  that  the  fpecific 
caloric  of  irv  n  isgreater  than  thatof  water.  As  to  the 
other  points,  I  have  in  this  Eflay  already  attempted  td 
{he\v»  that  I  might  juft  as  eaflly  have  replied  to  thd 
arpiments  in  the  Syftcm  of  Chemiftry,  as  to  thofein 
the  Encyclopsedia.  Though,  after  all,  1  do  not  fee  any 
n^hc  a  man  has  to  interpofe  the  Ihield  of  a  new 
wv>rk.  tv>  defend  the  frailer  body  of  another  perform- 
<MW>r4  the  imperfcdioQS  of  which^  if  even  he  has 
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abaindoned>  he  has  not  retnufted.  At  all  events,  I 
hope  I  have  faid  enough  to  ihews  that  I  was  not 
compelled  to  have  recoarie  to  the  moft  miferabte 
fubterfuge  of  attacking  an  old  book^  becaufe  I  was 
unable  to  anfwer  a  newer  and  more  perfed  edition. 

Dr.  Thomfon  has  withdrawn  from  the  fecond 
impreflion  of  his  Syflem  manjr  of  the  arguments 
which  have  been  here  (tated :  they  are  not  to  be  found 
at  leaft  in  his  chapter  upon  Specific  Caloric.  But 
tfiat  he  ftill  retains  the  very  fame  views,  is  obvious 
from  his  obfervations  upon  abfolute  heat.  I  have, 
therefore,  fufiercd  my  reply  to  his  arguments  to 
retain  its  place  in  this  Efiay. 
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ESSAY  IV. 


ON  This  LOWEST  DEGREE  OF  HE  At. 


it  is  prbbable,  that  at  ftrft  fight,  there  mud  for* 
jncrly  have  appeared  Irttle  dHficirity  in  afcertaining 
the  lo'wtfft  degree  of  heat.  People  muft  natarally 
have  imagined,  that  when  water  was  frozen  it  no 
Idnger  contained  heat.  But  this  idea  could  coil* 
tinue  only  till  the  obfcrvation  of  the  prt^relfive  fall 
t)f  the  mercurial  thermometer,  far  below  the  freezing 
pdirtt  of  water,  and  at  laft  of  the  aAual  folidificatioa 
cfthe  quickfilver  itfelf.  At  what  point  then  are 
bodies  wholly  deprived  of  caloric  ?  Bocrhaave,  at 
ohe  period,  imagined  that  the  natural  zero  was  at 
the  degree  of  cold  produced  by  s  mixture  of  fhow 
and  fait,  whic^h  he  found  to  be  at  the  ziro  of  Fahren« 
heifs  fcale,  though  there  has  fince  been  produced  a 
greater  cold  by  the  fame  mixture.    Fahrenheit  hini^ 
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Uov  hisovnzera^  and  tUsw^boldlf^flferftedta 
lKadcgECC€ifcold»  fiidii4H^'^ifit0K»tanliiriuu 
-  tntft,  wAuld  deftiO]r  all  fcgetjfc  and  wmakl  lifi^^ 
It  is  DOW  vdl  known,  Imwc  vci^'inat  wciCBiy  fimsca 
at  this  poim,  and  die'iblidificatkm  of  that  fluid  has 
been  ftpcatcdlf  cficded,  bj  die  intenfir  colds  of 
Siberia  and  Hudfon's  Baf.  Almoft  evcfjr,.  perkxl 
ef  modein  philoibphy  has  fixed  a  point  ^,the  pti* 
nation  of  all  hett,  which  fucticseding  oUorvadons 
bavcicmoved  lower  down* 

For  want  of  knowii^  the  ultimate  linuti  of  hei|t 
and  cold,  wc  arc  unable  to  dctemune  thcgeometricai 
proportions  of  the  real  or  abfolute  quantity  of  heat 
in  one  body  to  that  in  another.     All  (Hat  we  know 
.  is,  their  arithmetical  difference.    Our  knowledge  of 
caloric,  therefore,  is  exadUy  fimilar  to  what  we  have' 
'  of  a  chain  of  which  the  extremities  are  hid  from  vs« 
We  can  tell,  that  fuch  a  link  is  three  times  as  far 
from  one  as  it  is  from  the  other :  but  whether  it 
is  at  the  middle,  or  a  quarter  of  the  length  fitom  the 
one  end,  we  know  not.  When  Sir  Ifaac  Newton  byu, 
that  red  hot  iron  is  three  or  four  times  hotter  thai 
boiling  water,    and  that   boiling    water   is  thrc 
times  hotter  than  the  temperature  of  our  ikin,  I 
reckons  the  lowed  degree  of  heat  to  be  when  waf 
b^ins  to  freeze.    And  if  this  be  granted,  the  exps 
fions  of  the  thermometer  are  in  thefe  proportions 
.each  other.    But  the  abfolute  or  real  quantitiei 
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faeat  inthefe  bodies  do  not  dilTer  fo  much  as  by  thi^ 
way  of  reckoning  they  have  been  computed.  If  we 
fuppok  the  lowed  degree  of  heat  to  be  when  air  lofes 
its  elafticity,. which  Amontoh  imagined  to  be,  when 
utterly  deprived  of  heat,  and  which,  according^'tohim, 
would  be*  at  — 400,  then  the  heat  of  boiling  water 
will  be  to  that  of  the  human 'body  as  400-f-ai2  to 
4004-97,  or  as  6  to  5  ,nearlya  None,  before  fuch 
an  exanr>ination,  would  have  imagined,  that  the  ab« 
folute  heat  in  boiling  water,  which ,  deftroys  v^e« 
table  and  animal  life,  was  to  the  abfolute  heat  in  the 
human  body,  which  is  perfectly  mild  and  temperate^ 
oqly  as  6  tq  5  i  and  we  (hall  find  reafon  to  fufpe<ft 
that  their  difference  is  yet  fmallen 

It  has  been  already  ftated  in  the  foregoing  eflaysj 
that  Dr.  Irvine  took  a  peculiar  view  of  the  proper- 
ties  pfcalorici  The  circumftances  of  this  view  I 
have  endeavoured  to  explain  above^  In  co^fe- 
quence  of  his  theory^  he  was  led  to  the  invention 
of  a  method  of  inveftigating  the  abfolute  heat  of 
bodies,  or,  what  is  the  fame  thing,  bf  afcertaining 
the  natural  zero,  or  point  of  total  privation  of  heat* 
This  method  was.  founded  uponrthe  confideration  of 
the  change  of  the  capacity  of  bodies^  during  their 
fulion,  and  of  the  quantity  of  caloric  rieceflary  to 
produce  fluidity,  called  by  Dr.  l^lack  latent  heat^ 
I  am  in  this  inftance  again  enabled  to  quote  Dfi 
Irvine's  own  language,  for  the  explanation  of  this 
fubjed:.  This  is  a  continuation  of  the  pallage  al«« 
r^ady  quoted  in  Eflay  11.  page  59^ 

I  2 
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"  The  niimbtr  of  degrees  by  which  a  body  becon 
Rotter  or  colder  by  changing  its  form,  will  be  f 
portional  ro  the  quantity  of  heat  in  it  «  the  til 
this  change  happens,  fuppofing  the  capacity  in  a^ 
Iblid  form  to  he,  to  ihc  capacity  in  a  fluid  foimt 
the  fame  in  ,all  bodies.  Thus,  isi  ihc  inftance 
ilready  given,  the  quantity  of  hear  *,  which  applied 
to  the  Iblid  produced  cxpanfion  zo'',  in  the  lame 
body,  in  a  fluid  ftatf,  produced  cKpanOon  ro- 
Here  the  capacity  of  the  folid  is  to  that  of  the  fluid 
IS  10  to  3o,  or  as  i  to  i,  the  highcft  number  be- 
longing to  the  one  heated  with  the  greaieft  difficulty. 
In  ijiis  cafe,  whatever  be  the  fenfibic  heat  of  the 
body  when  foild,  one  half  of  it  will  difapppear  ■ 
Upon  its  becoming  inllanily  fluid^  and  lice  ver/a. 
If  the  abfolure  quantity  denoied  by  x  produce  a 
dcijrcc  of  ft-nfitile  heat  =  ;o  in  ihc  folid  body, 
in  .the  fluid  it  will  produce  but  ro.  If  \-  pro. 
docc  200  in  the  folid,  in  the  fluid  it  will  pro- 
duce loo,  &c.  '  Or,  in  the  firft  cafe,  a  quantity  of 
heat=  10  will,  according  toDr.BIack,  have  become 
latent,  and  have  loft  the  property  of  expanding  the 
liquor  in  the  thermometer,  in  the  fccond  lOO,  in 
the  third  looo,  &c.  On  the  contrary,  if  the  quan, 
tity  of  hc.1t  X  in  the  fluid  produced  expanfion  lo, 
tipon  change  of  form  it  M'ill  produce  20,  if  JOO, 
ft  will  produce  200,  iflooD,  20O0.  Or  a  qiran- 
flty  of  heat  =  10,  or  100,  or  1000  will  change  fmm 
latent  to  fenfibic  heat,  and  recover  the  property  of 
expanding  the  mercury  of  the  thermometer.     Of  if 
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*Ae  change  be  giiidual^  the  body,  when  freezings  Of 
pairing  ffom  aflui4  to  a  folid  ilatc^  wiUj  at  its  freezr 
ji^  painty    preferve  itfelf  ^  Ipng  ipi  time  wariper^ 
tbaii  the  Airrounding  mediurp^  as  lo,  ioo>  or  iqoq 
*  <k^rees  of  heat  thrown  into  it  Tvould  hc(v^  cnatfleA 
it  tq  do,  "without  any  change  of  forip,  and  vicf  vtr/f 
ivhen  the  body  is  melting,  or  paflir^  from  9  folid 
fo  a  fluid  ftate,  it  mil  preferve  itfeif  ci^kkr  a$  Ip^g 
€sjo,  100,  or  iQQO  dpgrees  .<?f  heat  takeij  from  it 
ivould  bavf  enabled  it  to  do.-' 
'  ^^Thienujnberofd^gfeesby  which  a  bqdy  |)ecoH:ifit 
botteror  colder,  Mpon  changing  its  form,  will  be 
^  the  capacity   of  the  folid  to  that  of  thie  fluid, 
Appofiag  the  quanutjr  of  heat  x  in  them,  to  be  the 
fanie  in  all,  or  to  produce  the  fame  e?(panfion  when 
the  change  takes  place,  or  their  freezing  point  to 
iiappen  ar  the  fame  degree  of  fenfible  heat.     Let  the 
quantity  of  heat  in  them  be  expreffed  by  100.     If 
Chc  capacity  of  the  folid  be  to  that  of  the  fluid,  as  in 
the  laft  inftance,  as  i  :  2,  then  there  muft  be  twice 
as  much  beat  in  the  body  when  fluid  as  there  waa 
in  it  when  cold,  or  loo  degrees  of  heat  rauft  have  be^ 
Comt  latent.    If  the  capacities  be  as  1  :  3,  then  the 
whole  heat,  when  the  body  is  fluid,  muft  be  300, 
rnnd  the  latent  heat  too*    If  the  capacities  be  as 
M  :   II,  then  the  quantiy  100 mud  be  increafed  in 
that  proportion,  and   the  whole  heat,   when  fluid, 
vriil  be  no,  and  the  latent  heat  lO'*    And  univen- 
fiilly  the  whole  beat  in  the  folid  being  10%  the  latent 
'fecat  i^  the  fluid  will  be  equal  to  die  difference  of 
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the  capacities  of  the  folid  and  fluid,  divided  by  the 
number  ex  prcding  the  capaciry  of  the  folid,  and  mul- 
tiplied by  the  whole  heat  of  the  folld.  Thus  when 
the  capacities  are  as  i  :  2,  their  difference  is  t, 
which  divided  by  1  quotes  -1=1,  and  this  multi- 
plied by  100  the  whole  heat  of  the  folid  gives  a  por- 
dudl  of  100  for  the  latent  heat.  Here  the  latent 
heat  is  equal  totheabfoluie  heat  of  the  folid.  When 
the  capacities  arc  as  10  :  1  r,  then  the  difference  r 
divided  by  jo,  the  capacity  of  the  folid  quotes -ji,., 
which  multiplied  by  100.  the  whole  heat  of  the  folid 
at  [he  melting  point,  gives  10  for  the  latent  heat  in 
ihis  inflancc." 

••Hence  if  the  quantity  of  heat^bedilTercnt  indif- 
ferent bodies,  this  proportion  will  ftill  exprcfs  what 
the  latent  heat  is.  Thus  in  the  laft  cafe,  the  latent 
heat  will  be  -Ju  of  the  whole  heat  in  the  folid,  at 
whatever  point  the  body  melts.  And  hence  alfo,  if 
the  melting  pointaltcr  in  water,  the  latent  heat  will 
alter  likcwifc,  and  be  greater  if  that  point  be  higher, 
and  lefs  if  lower;  and  fo  in  fpcrmaceti,  wax,  tin,  &:c." 
This  ex  tra<a  cannot  be  extended  farther.  With  re- 
gard to  the  laft  point,  fonic  explanation  may  be  ne- 
ceflary.  It  is  ftated  that  the  latent  heat  ought  to 
diminifh  with  the  lowering  of  the  melting  point  of 
any  body.  A  confideration  of  the  principles  of 
the  theory  will  rcadly  Ihcw,  that  every  thing  elfc 
remaining  as  before,  the  latent  heat  muft  diminifh 
with  fuch  a  deprellion  of  the  melting  point,  otherwife 
[he  quantity  of  the  abfolute  heat  in  the  body  coqlrf 
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iioit  bear  the  juft  proportion  to  its  capacity.  For  cx^ 
ample^  the  latent  heat  of  ice  being  i40*,  if  that  fub- 
llance  could  be  made  to  melt  at  a  point  below  32^ 
the  latent  heat  would  be  exprefled  by  a  number  left 
than  140°.  If  the  melting  point  of  ice  could  be  made 
higher  than  32°,  the  quantity  of  latent  heat  in  th« 
water  produced  would  be  greater  than  140°.  The 
•lantc  obfervations  apply  equally  to  the  proceis  of 
vaporization^  in  which  cafe,  if  the  boiling  point 
be  altered,  the  latent  heat  of  the  fteam  ought  to  vary 
in  the  fame  way.  But  it  is  clear,  that  inftead  of  this 
alteration  of  the  latent  heat,  another  in  the  capa- 
cities might  take  place,  either  fufficient  to  counter- 
balance that,  or  even  to  alter  the  latent  heat  in  a 
manner  direftly  the  reverfe.  In  efFe<fl,  fomething 
of  this  kind  certainly  takes  place  in  the  inflance  of 
fleam.  Water  boils,  it  is  well  known,  at  a  much 
lower  point  in  vacuo,  than  under  the  prcffure  of  the 
air.  Mr.  Watt  found  the  latent  heat  of  fleam  in 
thefe  circumftances  to  be  greater.  To  redlify  the 
proportions,  the  capacity  of  this  fleam  ought  to 
be  greater  than  ufual,  or  that  of  water  lefs.  There 
is  reafon  to  fuppofe  that  the  fleam  found  in  vacuo 
has  really  a  greater  capacity  than  common  fleam. 
At  lead,  we  generally,  if  not  univerfally  find,  that 
cxpanfion  not  diredUy  or  (imply  produced  by  the 
operation  of  caloric,  is  accompanied  by  an  increafe 
of  capacity.  How  the  water  is  afFcdlcd  by  diminution 
of  prefllire  is  not  fo  evident.  But  from  fome  rude 
^xpejin^ents  which  I  made  fome  tim^  ago  in  the  aiiv- 
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pump,  there  fcemcd  to  me  to  be  ground  lo  Cuppak 
ihai  thecapack)'  of  water  even  is  a  little  increaJ«d 
in  ihefc  cifcumftanccs.  My  txperitnents  were  made 
.%1'ith  1  view  to  determine  whether  any  relation  fub- 
filted  between  the  cxpanfionof  watei  in  chc.air  pump; 
M  olllrrved  by  Mr.  Canton,  and  analtcFaiion  of  the 
oopiiciiy  ot  ihc  water  I'urlieuc.  if  the  capacity  iain- 
crcaftd,  thae:(paDrioni3ratpdcoolow  by  Mr.  Canton. 
Butif  unexpcclcdiy  it  had  appcarcdthat  the  4;apaci(y 
«H>  dimiiiinK'd,  a  toially  new  theory  of  the  espanfioa 
efv/uct  in  the  air-pump  would  arilv.  fmce  the  inr 
cicaic  of  temperature  would  be  lutiicicnt  to  account 
-fur  that  of  bulk.  Wiih  ihts  view,  iherefoie,  lie- 
pcdtcd  Mr  Canton's  cxperiiiiciits,  with  the  addicion 
ol  B  ihernionicter  placed  in  the  natcr.  But  cold  ii 
uniformly  proituced,  partly  no  doubt  from  evapo- 
ration, which  proceed*  rapidly  in  this  ciTc,  yet  pro.- 
Uibiy  in  part  alfo  Itom  an  incrcafc  of  capacity.  That 
thi«  U  fo.  1  interred  from  the  fudden  though  fmoli 
rile  of  the  thermometer  imracrlcd  m  the  water,  irhni 
live  air  uaa  re^aJmittcd.  For  It  docs  not  appcsr. 
that  «ny  inftnntancous  change  of  tcmpciaciue  coold 
take  pUco  from  the  alteration  of  the  tempennnc  of 
ihr  sir  AlotHT. 

What  ha*  beet)  Mtemptcd  to  be  cipbincd  ia  die 
latt  t>*'*jirat>h.  nur  perhaps  be  Bade  moic  (bftiBft 
Iv  hrin  1^  nuroherf.  If  the  capacities  oi  kt  aot 
,  the  abfahite  heu  of  kc  tifa!*, 
:  143*.  n  ts  etidcK  thac  wkipiK 
■  \    inr  mflirr  rrf  drTim.  tw  fiT 
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inftante^  th^t  its  ^bfolute  heat  becomes  left,  and  is 
only    1250%     But  the  abfolute  heats  of  bodies  arc 
as  (heir  capacities.     Therefore^  fince  1250  is  not 
40  1390  as  9  is  (o  ]o>  either  the  abfolute  heatScor  the 
capacities  muft  bc^h^r^ed  to  render  the  proportions 
juft.     If  thtf  abfolute  heat  of  ice  melting  at  22''  be 
1250^  the  abfolute  heat  of  water  at  22^  would  be  ' 
one-nif}th  part  greater^  or  1388.88^  and  confequently 
the  latent  heat  would  be  equal  to  the  difference  be* 
tweeni25oand  1388«88,  or  I38.88.     Butif  140^ 
continued  to  be  the  latent  heat,  then  the  capacities 
inuft  neceflarily  wry,  and  be  as  1250  to  1390^  or 

9^  xiS  «0  I J9. 

The  latent  h^^t  of  any  body,  and  the  capacity  of 
its  fotidand  fluid  forms  being  givenj  the  quantity  of 
caloric  in  the  body  in  a  folid  form  may  be  found. 
For  fuppofe  the  capacities  to  be  in  the  fame  propor- 
tion in  all  bodies,  that  of  1    :  2.   then  as  the  latent 
heat  increafes,  the  abfolute  heat  increafes  al(b;  for 
^n  this  cafe,  the  latent  heat  is  always  equal  to  the 
quantity  of  caloric  in  the  folid  body.    But  if  the 
latent  heat  be  the  fame  in  all  bodies,  the  quantity  of 
the  abfolute  heSK  in  the  folid  varies  with  the  capacities. 
Thus  if  the  capacities  be  as  i  to  2,  the  latent  heat 
tquals  the  fenfible  heat  as  before ;  if  as   i  to  3,  the 
whole  heat  equals  one  half  of  the  latent  heat ;  if  as 
10  to  II,  the  whole  heat  equals  ten  times  the  latent 
heat.     And  univerfally,  the  whole  heat  will  be  equrf 
to  the  capacity  of  the  folid  multiplied  by  the  Uitent 
fet»t^  and  divided  by  the  difference  of  the  capacities. 
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Or,  inoiticr  words,  ihcdiftcrenceof  die  numbers  exit 
preiriiig  the  capacities  in  the  foUd  and  fluid  form^ 
is  to  the  number  cxprelTing  the  capacity  of  the  fo]id,-* 
as.  the  latent  heat  ii  to  the  abfolutc  heat  of  the  folid 
at  the  melting  point.  I  obferve  the  l:ift  of  there 
terms  has  been  erroneouny  ftated  by  Dr.  Thomfon,.^ 
to  be  the  whole  heat  of  the  fluid.  "41 

This  problem  is  the  fiime,  as  Mhen  the  ratio  oP^^ 
two  numbers  and  their  difference  being  given,  it  is   '■ 
demanded  to  find  the  numbers.     Thefe  inveftigaiions 
may  be  expi-efied  by  means  of  algebraical  fymbols. 
Let  X  ^  ttic  abfolute  heat  of  the  folid  boily  cxprefT- 
ed    indcgiecs:  Lc(  <]  and  i  reprcfeiit  the  capacities 
of  the  fluid  and  folid  forms,  and  /  =  the  latent  heat.^ 
xa  —  xli 


Then  it  was  found  that  != 


hi 


lakinga' 


Or  in  nuRi-^ 


—  h  =  c,  then  /=  J-,  and  ;f  =  ' 

bcrs,  if  we  fuppofc  the  capacity  of  ice  to  that  oL- 
water  to  be  as  9  to  io,  and  the  latent  heat  to  be  140^  \ 

then  12Uj^:=<he  abfolute  heat  in  ice  at  32^ 

1 
1260  :  if  we  fuppoCe  the  capacities  to  be  as  8  to  9, 
the  abfolute  heat  will  be  =  1120  s  if  as  7  to  8,  then 
<)So,  if.  as  6  to  7.  then  840.     The  aid  of  geometry 
and   of  different  algebraical  proceflcs  might  be  rea-J 
dily  called  in,  to  give  a  different  fonn  to  thefe  pro-^^ 
pofitions.     It  docs  not  appear  to  me,  however,  that 
by  thefe  means  any  additional  evidence  would  be  ac- 
quired, or  the  matter  fct  in  a  plainer  or  mOrcdi|^_ 
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t\n€t  light  than  it  already  is.  I  (hall  therefore  con^ 
tent  myfelf  with  the  illuftratrftns  now  afforded* 
and  proceed  to  confider  the  other  points  of  this 
dodlrine. 

The  inveftigation  of  the  natural  zero  now  pro- 
pofed^  is  derived  entirely  from  the  con(idcration  of 
the  heat  abforbed  or  fee  free,  during  the  melting  or 
freezing  of  iblid  or  fluid  bodies,  compared  with  the 
different  capacities  of  tlie  fame  body  in  its  different 
forms.  But  a  knowledge  of  the  fame  point  may 
be  attained  by  the  comparifon  of  the  capacicics  of 
any  two  bodieg,  which  unite  chemically,  before  and 
after  mixture,  combined  with  the  obfervation  of  the 
heat  given  out  at  the  fame  time.  This  quedionj 
however^  is  fully  difcufled  in  another  effay. 

To  any  point  near  the  natural  zero,  it  is  pro^ 
bable  that  no  body  can  ever  be  cooled.  The  greateft 
colds  obferved  in  nature,  or  produced  by  the  ope- 
rations of  art,  can  by  no  arguments  be  fliewn  to  ap- 
proach to  the  point  of  total  privation  of  heat.  Ether 
aad  the  gafeous  bodies  themfelves  would,  long  before 
arriving  at  fuch  a  degree  of  cold,  become  folid  and 
coherent  malles,  deprived  of  almofl  every  property 
by  which  we  are  accuftomcd  to  recognize  them.  If 
it  be  indeed  true  that  bodies  imbibe  heat  by  attrac- 
tion, they  never  can  be  cooled  to  this  point  by  any 
known  means,  or  if  they  could  for  a  moment  be  con- 
ceived to  be  totally  deprived  of  heat,  they  could 
n^ver  be  heated  again,  fince  they  could  not  havebcen 
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cooIpH  trt  this  point  bv  .iij"  orJinary  means,  till  tiirf 
had  loft  rheir  attrnSion  for  caloric. 

Fliiifis  require  rtnire  cjli')rie  m  rail'e  th«ir  nraperk- 
ftirc  to  the  Time  dr^ree  than  their  corrrlpnndi 
|hlid<i.  If  this  were  not  the  cife,  if  the  Iblid 
qtitred  more  h«3C  for  rtiit  purpofe  than  the  cornft 
ponding  Huid,  we  cotild  not  render  that  body  fbUd  b^ 
diTTiinifhiiip  the  trmfKraiurc,  but  midht  render  it  fo 
by  raiiing  it  Tbrtc  bodies,  if  there  be  any  fuch, 
would  in  thriro^vn  rutuicbc  fluid,  inthe  grcatcftdc- 
prce  of  cold.  If  a  body  be  capable  of  more  changes 
ill  capacity  thnii  ono,  it  will  have  nwre  melting 
or  frtcning  pointi  (haii  one,  and  ue  (liall  have  the 
body  in  a  fdkl  forai  with  dilHiicnt  properries,  and 
vith  liniilaf  diltcrencei  wlvn  it  ii  Huid.  Whettter 
ihftr  are  any  fuch  is  uncertain.  The  fcrum  »fihc 
blooit  indccti  frnzet  at  35'^  uhctv  its  capacity  be- 
comes fniatlor.  Mat  it  recovers  ii$  capacity  and 
ttuidity  whcii  Htiwed  again  above  a  5'.  It  bccomct 
IWid  afiatn  il  the  ctmpeiaiurc  *t  ntiicd  abrnx  156"^ 
nnd  »\  thtt  »  not  pcrioimed  inft*ntly  b«  gradually. 
it»  capwi^iD,"  (holdd  a^jain  )>rc<imc  pfMnw,  and  laieot 
heat  jer*  into  it  to  make  it  fiilxl.  It  docs  noc^lnw- 
'e%vr,  m-owr  itn  caj^KKy  upon  rtic  heat  being  4U 
mlnl(\:cA  ;»l«iv,  I  ;ft",  bill  fwoiRs  jis  fotid  torm 
■■'  t'cio*  thia.     lit  appcarabccta' 

''  ■  rem  trom  itat  ol   rtic   fi 

*''"■•"'■"•  '      :.  hoa:  be  ii 

**b-  „.^  fl,,^;    but 

■  1"'  ■-'  ■    ■  ■  .  ^'Ifwxi,  howc 


.lK9t  a  iKtfttogeneous  fubftrmcc^  and  tbdc  changat 
are  piobably  conneded  wiih  feme  chcmkaJi  SL^tion^ 
amof^  its  component  parts* 

Sulphur  alfo^  in  its  liquid  formi^  exhibits  fome  pheu 
Aomena,  in  its  relations  with  caloric^  which  majr 
pofiiblj  be  conneded  with  repeated  changes  of  ca« 
pacity,  i  It  has  been  loi^  known  to  become  verjr 
liquid  at  its  fufing  pointy  but  at  a  higher  temperature 
to  thicken  remarkably^  I  propoTe^  however^  to  a!^ 
lude  to  this  eircumftance  in  the  third  part  of  thcie 

This  method  of  invefiigating  the  natural  zero  hat^ 
4U  might  be  expeded,  atiraded  confiderable  atten* 
tion    froQi    philofophersi      Objedions.  have  beeq 
fiarted  to  various  parts  of  the  aigumeni^  and  ibme 
itf  the  later  inquirers  have  been  completely  fucceftfiil^ 
iMLleafi  in  convincing  tbemfelvesof  itsfallacyj  At  the 
Ame  tiine>  it  has  not  thus  been  unifotmly  attackedj, 
and  I  might  add  a  lift  of  its  adherents,  which  flioukl 
include  liiany  of  the  mod:  candid  and  moft  diftin-. 
gttifhed  of  the  phiiofophical  world.     Irl  the  foe- 
cceding  part  of  this  eflay,  it  is  my  intention   ta 
confider  the  nature,  grounds^  and  ilnportance  of 
r .  thefe  objedions,  and  to  anfwiri-  them,  and  remove  cr 
explain  doubtful  points/  as  far  as  I  fhall  be  able« 

The  objedions  offered  t6  the  dodrines.  in  thia 
"^d  the  fonrgoing'  elTaya  have  bben  of  two  clalles  r 
thqr  either  tend  to  (hew  itsfieiUacy,  from  theTpfultof 
titperiments  jnadc  on  various  fubftancesj  to  d^ter* 
mint  the  minimum  of  bcat»  and  ^rhich  have  cer- 


ocen 


ON    THE    tOWEIT 

tainljr  given  points  of  dcpreflion  for  ihc  natit 
zero,  as  wide  of  each  other,  as  the  warmeft  oppo- 
nent of  the  dofflrines  could  dcfire;  or  they  attack 
the  principles  upon  which  it  depends  with  diretft 
argiimencs  of  their  falfehood,  or  fuppofcd  deduc- 
tions leading  ad  abjurdum.  As  far  as  I  have  been 
able  to  confider  the  fubjeft,  none  of  ihcfc  argumt 
will  rcfift  a  ftrliS  fcrutiny. 

I  fliall  now  proceed  to  recapitulate  them  in  order, 
pointing  out  where  they  appear  to  me  to  be  defective. 
The  more  the  fubjctT:  is  inveftigatcd,  the  inore  pro- 
bability is  thereof  attaining  the  grand  end  of  all 
philofophical  inquiries — the  difcovcry  and  promul- 
gation of  truth.  If  this  method  of  finding  the  na- 
tural zero  be  really  wrong,  it  would  be  better  that 
Jt  were  completely  decided  to  be  fo.  But  it  would 
rot  be  better  to  abandon  it  upon  inconclufivc 
grounds,  nor  would  the  true  intcreft  of  fcience  be 
promf.ted  by  fucha  meafure.  ^ 

One  of  the  principal  caufcs  of  the  doubt  of  fom^ 
philofophcrs  with  regard  to  Dr.  Irvine's  theory  has" 
arifen  from  ihe  very  confiderable,  indeed  extrava- 
gant difcordance  of  the  experiments  and  determi- 
nations of  the  natural  zero.  It  feems  at  firft  fight 
naturally  and  fairly  enough  fiatcd,  that  this  theory, 
which  propofcs  a  method  of  difcovering  at  wha^ 
point  a  body  fliall  be  deprived  of  ail  heat,  fhoul^j 
Upon  reference  to  fafls  or  experiments,  be  fouinl'^ 
to  coincide  with  them.  This,  however,  is  totally 
impoffibic,  for  if  it  were  to  coincide  with  one  ex- 
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periitient,  that  would  only  lead  it  the  further  froni 
the  next.  But  in  this  inquiry,  it  is  not  to  be  for- 
gotten that  we  have  na  authority  for  the  accuracy 
of  thefe  experiments.  We  may  relieve  ourfelves 
from  the  dilemma  equally  well,  by  denying  the 
truth  of  the  experiments  as  that  of  the  theory.  Let 
us  proceed  to  inquire  which  of  thefe  it  is  moft 
juft  to  do. .  *  ^  . 

To  form  the  ground-work  of  fuchan  examination 
I  here  fubjoin  a  ftate  of  the  various  points  of  depfef- 
Jion  found  by  difierent  authors  for  the  natural  zero. 
Among  thefe  I  do  not  include  that  of  Dr.  Irvine^ 
which  was  about  —  900  in  the  double  inftanceof  ice 
and  water,  and  fulphuric  acid  and  'water.     I  omit 

thefe  becaufe  I  know  he  was  far  from  putting  that 
implicit  confidence  in  his  experimental  obfervations 
I  which  fo  many  recent  authors  have  the  happy  faculty 
of  obtaining. 


.  TABLE  OF  THE  NUMBERS 
-  Bxpresring  (he  natural  Zero  according  to  various  authon. 


n 


Dr.  Crawford 
Mr.  Kirwan 
M.  Lavoisier' 
Ditto 
Ditiq 
DittQ 

—  1500  • 

—  1318 

—  342^ 

—  7460 
— —  2598 

« 

The  lafl:  of  thefe  numbers  is  fradlional,  and  ex- 
prefled   iti  degrees  of  Reaumur's  thermometer.    It 
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ij  befides  a  negative  quantiry.  I  do  not  knew  w- 
adly  how  it  was  obtained,  nor  what  objections  there 
may  be  againll:  the  proc-cfs  by  whkh  it  arofr.  But 
it  is  jufily  remarked  by  Scguin  that  it  would  prove 
the  fallacy  of  the  hypotliefis  from  which  it  is  de- 
rivod  if  the  daernnination  of  the  capaeittea  were  ri- 
gOroBfly  «(a(5t.  This  cxaflnefs,  hottevcr,  there 
iecms  very  little  rcafon  to  admit,  as  it  JliaJI  be  our 
ohjctft  prcfently  lb  prove. 

It  is  dear  that  the  natural  zero  ought  to  be  at 
the  fame  point  in  all  bodies  ;  that  is  to  fay,  it  must 
require  llw  like  number  of  degrees  to  i-aifc  any  body 
to  a  given  temperature.  But  ihefe  degrees,  though 
numerically  equal,  are  very  dili^rent  with  rt^wd  to 
the  quantity  of  caloric  which  ihcy  marit.  '  In  order 
then  that  all  bodies  fhouid  appear  to  contain  an 
equal  number  of  degrees  of  heat  at  the  fame  ther- , 
inometrical  point,  it  is  abfoluteJy  eHcntial  that  ihcfc 
degrees  in  each  body  he  computed  according  to  its 
own  capacity.  For  example:  if  the  rutural  zero  |>c 
calculated  in  the  cafe  of  ice,  taking  the  capacities 
of  ice  and  water  as  9  and  jo,  and  the  latent  heat  a( 
140°,  the  number  obtained  will  be  i26o.'  But  this 
number  cannot  poflibly  coincide  with  any  other  de- 
termination, bccaufe  thefe  degrees  are  meafured.  by 
the  capacity  of  wafer.  But  they  ought  to  have  been 
proportional  to  that  of  'ice,  and  the  natural  zero 
properly  Hated  would  thus  be  1400".  It  is  by  no 
means  evident  that  this  precaution  has  been  duly 
iitended  to  in  conflrufling  the  tables  of  the  r*^ 
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Ikl-ctt  from  which  fo  many  inferences  have  been 
drawn. 

If  the  experiments  above  ftatedJCould  be  fuppofed 
^  be  perfedUy  accurate,  and  the  su-ithmetical  calcu- 
lations jud^  the  queftion  might  be  regarded  as  dcr 
cided.  But  before  admitcmg  fuch  conclulions,  it 
may  be  proper  to  paufe  a  little  and  examine  the  lieps 
by  which  thefe  inferences  were  attained.  In  doing 
thisj  I  ihall  firfl  proceed  to  examine  the  various  zeros 
found  by  MeiTrs.  Lavoiiier  and  Laplace^  as  obtained  b/ 
fimilar  and  queftionable  means^  and  as  differing  the 
fartheft  from  each  other  as  well  as  from  former  de«- 
terminations.  The  .experiments  of  thefe  gentlemen 
were  performed  by.  help  of  the  calorimeteri  an  in-, 
ilrument  for  meafuring  heat  invented  by  themielves^ 
and  of  which  a  full  defcription  is  to  be  found  in  Mr» 
Lavoificr's  Elements  of  Chemiftry.  The  quantity 
cf  ice  melted  is  fuppofed  to-  furnifli  precife  ground^ 
for  computing  the  quantity  of  heat  abftradtec) .  from 
the  fubftances  under  examination.  Now  the  truth 
c^the  exp^mci^  in  qntftion  depends  entirely  upon 
-the  accuracy  of  this  inftrument*  It  is  not  a  com*- 
tnon  accuracy  that  is  required  .in  this  inftance  at 
leaftj  when  the  rcfults  are  employed  to  inyefUgat^ 
the  truth  of  Pr.  Irvine's  method;  of  finding  th^  nak 
tural  zero..  It  will  befeen  tfiat  if  the  errors  of  the 
calorimeter  amoimt  to  as  much  as  a  very;  fm^l 
fraAion  of  $hp  wholei  the  inferences  are^onfeuff}!/ 
.Ufijyfl.  But  even  in  a  theoretical  viqw«,Y^9^iftri^ 
9bje<lio|it  may  be  piade  againf^  t^if  ^^a}[  of  dctqf 
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iniiung  the  capacities  of  bodies  for  beat.  The  hf- 
ventors  of  the  inftrument  themfelves  acknowledge, 
that  in  f[>itc  of  all  their  efforts  a  current  of  air  paJTed 
through  it,  unlefs  the  temperature  of  rhc  room  was 
ConAantl^  kept  at  32°  ^  Fahrenheit.  A  very  few 
degrees  of  variation,  indeed,  even  one,  either  of 
incrcafe  or  diminution,  are  fufRcient  to  affcftina 
mod  material  way  the  accuracy  of  the  refult.  It 
muft  appear  to  every  perfon  familiar  with  the  phe- 
nomena of  caloric,  how  extremely  difficult  it  muft 
always  be  to  preferve  this  equability  of  temperature 
for  any  length  of  time.  The  inftrument  befidcs 
fecma,  from  its  conftrudiion,  liable  to  entangle  the 
water  formed  among  the  ice,  and  fometimes  to  dif. 
charge  a  juft  quantity,  fometimes  from  cafual  ob- 
ftru^ons  too  little,  and  at  other  tirnes  thefe  ob- 
ftniiSions  being  fuddenly  removed,  too  much.  It 
does  not  appear  poffible,  but  that  thefe  accidents 
Ihould  frequently  occur.  Nay,  Mr.  Wedgwood  has 
even  found,  mofl  unexpectedly,  that  the  new  formed 
water  was  again  frozen  and  choked  up  the  paffage 
for  the  difcharge  of  more.  From  thefe  circumftances 
it  may  be  inferred,'  that  this  inftrument,  howevci- 
promifing  at  firft  view,  is  by  no  means  entitled  te 
the  pompous  praifes  of  complete  accuracy  which 
have  been  fo  liberally  beftowed  upon  it.  1  do  not 
mean  to  deny  altogether  the  merits  of  this  inventiorr, 
which  is  probably  ufefiil  for  a  great  deal,  though " 
HOC  for  every  thing.  Much  lefs  is  it  my  intention 
to  refUlc,  if  1  even  could>  to  its  ingenious  contriver 
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tfialt  praile  which  they  have  fo  well  deferVid  o^  thrf 
fciences.  It  is  enough  for  me  to'  Ihew  it  prefcht; 
<hat'  this  iAftrument  may  be  Mrly  fuppoFcd  to  give 
itfuki  not  ma:themfaEticalIy  accurate^  and  ^hicfi  afe 

•  ■  ■  ■ 

firobably  even  more  confidefably  wide  of  the  truth 
fhian  it  is  neccflary  now  to  prove. 

Having  faid  fo  muth  upon  the  deft(?5  of  the 
ealorimctefi  I  proceed  to  ftate,  that  Meffi^s.  Lavoilici^ 
arid  Laplace  have  themfclves,  with  greatt  candour^ 
allowed  that  very  inconfiderable  errors,  amounttnj^ 
even  to  no  more  than  one-fortieth  part  of  the  valine  of 
Ac  capacities,  would  be  fufficient  to  make  the  no# 
difcordane  refults  coincide.  They  add,  with  a  modeft/ 
♦orthy  of  fuch  men,  and  ffrohgly  contrafted  with  the 
confidence  of  many  inferior  authors,  that  they  cannot 
tnfwdr  that  an  error  fb  fmall  may  not  futve  efcaped 
them  in  their  experiments.  M.  Seguin,  upon  this  fub^ 
jcft,  obfcrves,  that  fince  very  dircfi  inferences  cannot 
be  dtawn  from  thcfe  refults,  it  becomes  necefiaty  to 
ksvve  recourfe  to  other  proo& :  th'efe  ihall  be  afiei** 
#an!8  confideied. 

'  TKefe  experiments  of  Lavoificr  and  Laphce,  whicS 
.have  afforded  zeros  fo  extravagantly  wide  of  eaclV 
other,  have  probably  produced  mort  impreflion  than 
isif  ethir  arguments  upon  this  qutftion ;  yet  iif 
appears,  that  when  duly  inveffigatcd,  they  are  wtrf 
hi  from  being  decifive.  Indeed;  they  arc  no  moti 
than  what  ought  to  have  been  cxpeftcd  in  a  fubjeA 
of  fo  much  nicety  and  complexity  as  this.  It  would 
have  been  ftill  more  extraordinary,  if  they  had  co- 
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incided,  granting  the  theory  to  be  juft;  in  the  pr^ 
fcnt  (Vate  of  inftruments  for  meafuring  caloric,  no 
reafonable  man  could  pofTlbly  look  for  accuracy  Co 
great  as  certainly  to  exclude  errors  of  one-fortieth 
part.  Some  of  M.  Lavoifier's  materials,  as  the 
nitrous  acid,  feem  liable  to  many  objet^tions  in 
all  iituations  from  the  volatility  of  the  acid.  It  may 
be  worth  while  in  a  much  cafier  cafc,  that  of  ice  and 
water,  to  compare  the  refults  in  the  hands  of  diflcrenc 
philofophers. 

If  in  this  inftance,  we  call  the  latent  heat  of  water 
with  ProfelTor  Wilcke*  57"  33  of  Reaumur,  or  in 
Fahrenheit's  fcale,  nearly  1 29';  and  if  with  Dr.Irvine» 
we  take  the  capacities  of  ice  and  water  to  be  to  each 
other  as  i  to  10,  the  natural  zero  computed  accord- 
ing to  thefe  grounds  will  be  found  to  be  j  1 6.  Thefc 
arc  the  loweft  terms  ftated  by  authors.  Let  us  now 
lake  the  highelt,  and  fuppofe  with  Mr.  Kirwan,  the  ca- 
pacities oficcand  watertobetoeachother,  as9  to  10, 
and  the  latent  heat  to  be  as  ftated  in  Mr.  Nicholfon'a 
Syftem  of  Chemiftry  1^6",^  the  natural  zero  turn* 
out  to  be  1314°  below  32%  Now,  1  appeal  to  every 
candid  mind,  whether  the  difcordance  of  thefe  re- 
fults would  not  be  regarded  as  complete  proof  of  the 
falfchood  of  the  theory,  furely  as  much  fo,  as  the 
refults  already  detailed,  if  the  experiments  had  been 
made  upon  different  fubftanccs.    But  they  are  upon 

t%*  ytinalet  de  Ckanit,  Vol.  Sd,  ptjIK  17l. 
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the  famCj  and  it  became  neceflary  for  thofe  who  did 
credit  the  theory,  to  refer  the  error  to  the  experi* 
ments.  This  affbrds  a  fudicient  illuftration  of  the 
great  efFe<5t  of  apparently  fmall  ertrors  in  thefe  com- 
putations. But  it  is  Impoflible  to  explain  thoroughly 
the  great  difficulty  of  ail  experiments  upon  heat,  a 
fubftance  or  property  fo  fugacious  and  fo  eafily  tranf- 
ferabie  to  all  bodies  that  it  cannot  foe  confined  or 
meafured  with  unobjedionable  accuracy. 

It  has  been  faid,  that  if  we  deny  the  truth  of  theft 

experiments,  what  foundation  do  we  leave  for  the 

theory  which  refts  upon  fimilar  experihients  ?  To 

this  it  may  hfi  anfwered,  that  we  only  deny  the  per- 

fed:  accuracy  of  experiments,  but  by  no means  the 

approximation  to  truth  Within  a  certain   degree. 

They  may  be  fufficiently  near  the  truth  to  IKew  that 

'certain  properties  of  bodies  eiift;  but  yet  fo  'fir  rc- 

tndved  from  corriplete  precifidn,  as  to  makeit  iih. 

poflible  for*  the  computed  zeros  to  coincide ;'  iii  a 

word,   in  the  one  cafe  we  need  not^  be  within^  a 

fortieth  of  the  true  number, "  in  the  other  cafe,  it  w 

^fieiltial  to  be  fb.   *  Surely  there  is  a  ^idc  ahd  farkfai 

Inental  drffercnce  bet  ween;  oA'the*  ohc'  hatidl  ofti 

Tervihg  that  bodies  have  vatrioi^s  capacities  for  lieat^ 

iSiatthey  abfbrb  heat  during  fiifidn^'  aiid  at  the  Hlme 

time  have  their  capacities Vnki^getfl  and  on  theother 

hand,  endeavdtiting  to  exptrfs  theial^theat  aiid  ihb 

ratio  of  the  fpedftfc  heats  in  a'cciWati'iiUtaiben;  ;  Wp 

may  come*  very  near  the  truth ,'  wc  may  fct  clearly 
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rhat  the  properties  in  queftion  ex'irt,  and  ^ 
t|raw  legirimate  inferences  from  fuch  a  data.  But 
Surdy  ic  is  not  confjftent  with  any  maxims  of  found 
philofophy  to  fay,  that  wc  can  know  nothing  at  all, 
becaufc  wc  are  not  in  ponciTion  of  a  pcrfeftly  accurate 
and  precife  knowledge.  We  perceive  that  any  body 
nifUing  abforbs  latent  heat  j  wc  fee  that  its  capacity 
js  augmented,  and  we  conclude  that  the  abfolutc 
heat  of  the  body  is  in  a  certain  ratio  to  thefe  pro- 
BCfties.  \Vc  further  alTeri,  that  if  thcfc  numbers 
copld  be  iiccumtcly  found,  the  whole  heat  would  bp 
^lid  alfq.  Arid  whether  we  difcover  or  do  not 
qifcov^f  thcfe  points,    the  dcdu»flions   are   equally 

Ic  r(:quirc«  t>ut  a  Hight  infpedion  and  comparifon 
iof  the  tables  compiled  by  different  authors,  to  con- 
vince any  perfon,  that  we  are  far  from  being  able  to 
give  accurate  numbers  for  the  fpecific  heats  of  bodies. 
i^i\  us  lake  Lavoifier's  acknowledgment,  that  errors 
jpqi}al.t()  one-fortieth  part  of  the  numbers  expreffing 
jhf  capacities  would  remove  all  objedions,  and  let 
i^Pfoceed  to  confidcr  whether  fuch  errors  do  not 
cj^pimonly  occur.  At  lead  it  can  be  deraonftratcd 
thatauihors  difi'er  from  each  other  greatly  pore  than 
to  this  araounr,  and  all  cannot  be  right.  In  the  fol- 
Joving  table  afc  u(td,  partly  the  numbers  cxprefling 
ibe  capacities  of  ihfjfc  fubllances,  which  have  bcqi 
5*nploy«J,  tot,  (lie^detcrrtunaiiot^  of  the  natural  ? 
^^.■(i^fj-^  y^F  <:api(pitic^pf,"«hei;  hodi«r. . 


oaaxcB  or  auT. 

TABLK 


SJt&iting  a  comparative  ftezB  of  Ihe  Diff^feiKn  of  a  few  of 
the  Surnbrrs  expnuiag  ttte  Capadtus  of  vartout  Bodlet  by 
diffeieal  Julkon. 


Subtunt^ 

Capacity 

Aiilhor 

Difference  of  c 

apacilies. 

Ice 

0.8 
0.9 

Ir^ino 
Kinvaa 

I 

0.4290 
0.3S15 

Crawford 
U*obkr 

*pi" 

7(on 
Mercury 

0.1 2« 
O.M30 

0.0  J 1 
O.SIO 

Crawford 
Ittinc 

Crawford 
Thomson 

tpi- 

^ 

Thefe  examples,  which  might  be  ealtly  extended 
to  a  much  greater  length,  to  a  length  which  (hould 
include  every  fubftancc  of  which  the  fpccific  heat 
has  bccD  examined  by  more  than  one  pcrfon,  will 
fuffice  to  Ihcw  with  what  J  uftice  an  appeal  is  made 
Co  Che  accuracy  of  experiments.  In  h&,  there  is  no 
body  of  which  the  capacity  can  be  aflcrtcd  by  the 
■'boldeft:  believer  to  be  determined  nearly  within  a 
fortieth  part  of  ttie  true  number*  Much  more  con- 
turrcnce,  and  experiments  made  wjrh  very  lai^e 
quantities  of  the  materials,  are  indifpeaiably  required 
before  any  juft  conclufione  can  be  drawn  from  the 
cefulu  with  regard  to  the  natural  zeros.  It  appeara 
to  mc  then,  that  thefe  arguments  may  be  r^rdcd 
u  fufHcient  to  prove,  that  the  truth  of  this  method 
4f  iavefiigating  the  abfolute  heal  in  bodiu  is  not 
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sflfcded  by  the  apparent  difcordancc  of  fomc  exp 
ineotal  inquiries. 

We  may  now  proceed  to  confidcr  the  fecond 
cla&  of  objeaions,  thofe  which  affeft  the  principles 
of  the  theory.  The  late  learned  Dr.  Robinfon,  in 
his  ingenious  Notes  on  Dr.  Black's  Ledurcs,  has 
Aated  on  this  f|ibjc(ft,  that  the  theory  evidently  pie- 
jfuppofes  the  conftancy  of  fpecific  heats  in  low  tem- 
peratures, or  if  they  are  not  conftant,  that  ve  know 
the  laws  of  variation,  and  that  thefe  affumptions  are 
highly  improbable.  1  muft  differ  from  that  learned 
gentleman  with  regard  to  the  improbability.  Bot 
as  to  the  neccffity  of  the  conftancy  of  fpecific  heats 
CO  the  theory,  I  abfolutely  deny  its  cxiflcnce,  and 
luve  already  endeavoured,  in  the  cflay  on  Capacities, 
xo  fhcw,  that  it  is  by  no  means  neccffary  or  efiential 
to  our  knowledge  of  the  abfolute  heat  in  bodies. 
The  analogical  reafoning  from  the  phenomena  of 
chemical  attraftion  is,  in  this  inftance,  fay  from  being 
'trell  founded.  Dr.  Robinfon,  in  the  fame  plaot, 
adds,  that  it  follows  from  this  fuppofed  inconfhuicy 
of  fpecific  heats,  that  even  if  it  be  granted  that  this 
Jteat  given  out  during  the  freezing  of  water  is  the 
difference  between  the  abfolute  heat  of  the  ice  at  33P 
and  that  of  the  ^yater  at  the  fame  point,  (till  we  can- 
■not  afcertain  the  natural  zero.  There  is  here  ftated 
*  doubt,  whether  the  latent  heat  of  water  is  the  dif- 
ference between  the  whole  heat  of  the  ice  and  that 
of  the  water  at  32°.  I  am  at  a  hafs  to  fee  how  ciii^ 
pan  be  deniod,    Ice  at  33?  contains^  it  wiU4^  j4« 
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towed^  fome  portion  of  heat;  whatever  that  is>  we 
know  al/b  experimentally^  as  clearly  as  experiment 
can  (hew.  that  140%  or  thereabouts^  enter  the  ice 
during  its  converfion  into  water.  Perhaps  I  may 
be  miftaken  in  fuppoiing  any  doubt  on  the  fubjedi:^ 
but  if  there  is>  I  confefs.  I  am  unable  to  underftan4 
the  grounds  upon  which  it  is  founded.  I  cannot 
help  remarking  alfb«  that  the  aflertion  that  Dr. 
'Irvine  could  not  make  his  experiments  on  congebu 
tions  for  the  difcovery  of  the  natural  zero  coincide 
tolerably,  and  that  thefe  differed  enonnoufly  from 
the  refults  of  experiments  on  mixtures  is  not  peiv 
fedUy  juft^  as  far  at  leaft  as  it  is  meant  to  apply  to 
the  experiments  performed  by  Dr.  Irvine  himfelf. 
•The  truth  isj  that  Du  Irvine^  in  both  thefe  method^ 
•Blade  the  natural  zero  neariy  ~'9Ck>.  But  he  was  fiur 
from  putting  that  implicit  confidence  in  the  accuracy 
of  his  obfervations  that  many  philofophers  have  fince 
idoiic^  and'  did  not  confider  his  experiments  as  by 
any  means  conclufive  upon  thefe  points. 
«'  M.  Seguin,  in  the  Annales  deCbimie,  vols.  3d  and 
5th^  has'fome  obfervations  of  much  ability  i^h  this 
-Abjeft*  I  haVe  already  taken  notice  of  the  account 
■that  he  them  gives  of  the  exptfrihientp  of  MeiTrs. 
:Lavoifier  and  Laplace.  After  ronarking  that  thefe 
experiments  are  hot  decifive^  he  proceeds  to  en-» 
deavour  to  demonftrate  the  infufficiency  of  the  theory 
'of  capacities  to  determine  the  point  of  privation  of 
all  heat.  In  doing  this,  he  lays  down  three  propov 
Mm* ; 
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I.  C^ldric  in  ceruin  circumftances  obeys  the  laws 

of  affinii)',  jinti  combines  with  the  molecules  <#^ 
bodied.  t-^ 

II.  Capacities  are  not  permanent.  ■ 

III.  The  abfolute  caloric  h  not  proportional  to 
ihcfpccific  caloric. 

At  lejift  M.  Seguin  contends  that  all  thefc  three 
propofitiofls  do  not  exift  at  once.  But  they  are  all 
nccefiary  to  the  doiftrinc  of  capacities ;  hence  he 
infers,  that  dotltrine  cannot  be  true. 

M- Segutn  has  certainly  treated  his  fubjecfl  with 
much  ingenuity,  and  has  collated  into  one  view  the 
various  objections  to  the  mode  of  accounting  for  the 
.produdion  of  heat  and  cold,  attributed  by  him  and 
many  of  the  continental  philofophers  to  Dr.  Craw, 
-ford,  but  of  which  Dr.  Irvine  was  the  real  author. 
The  fiift  of  his  propofiiions  n^rds  the  entrance  of 
caloric  into  the  molecules  of  bodies  by  the  laws  of 
afKnity,'  This  qucHion  is,  however,  far  from  being 
fo  eafiiy  fettled  as  M.  Segiiin  fuppofes.  Whether 
caloric  does  or  does  not  obey  thcfe  laws,  muft  be 
confidered  at  very  doubtful.  It  is  extremely  uncer- 
tain if  it  really  be  matter  at  all.  If  it  is  not,  it  can- 
ndt  be  fuppofcd  to  be  under  the  influence  of  at- 
tndion.  Even  if  caloric  be  material,  it  does  not 
fdisv  that  it  fhould.  It  is  at  beil  but  a  plaufible 
conjcdure,  and  depends  altogether  on  another  coI^. 
jcfhire  in  itfcifin  need  of  proof.  It  is  impoffiblc  to 
idmit  with  Seguin,  ttvtt  caloric  united  with  his  mo- 
icculci  doc<  not  affed  the  temperature  of  bodies. 
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)ac  conrcquenily  the  r»I  zero  would  nM  mark 
[  privation  of  heat.  The  quantity  of  caloric 
CDntained  in  a  body,  is  known  by  Its  fpecific  hcac  as 
well  as  by  its  temperature.  If  the  change  of  capacity 
be  the  term  at  which  heat  ts  fuppofcd  to  enter  into 
the  molecules,  as  in  the  cafe  when  ice  at  32*  is  coiw 
vcrtcd  into  water  at  32%  we  affirm  that  the  tem- 
perature compared  with  the  capacity,  (hews  the 
abfulutc  quantity  of  heat  in  the  water  as  much  as  in 
any  other  inftancc.  For  the  temperature  of  no  body 
ajfords  grounds  to  judge  of  its  abfolute  caloric, 
unlefs  account  at  the  fame  time  be  alfo  uken  of  iu 
fpecific  heat.  When  the  capacity  of  a  body  docs  not 
change,  cither  no  heat  enters  into  the  molecules,  or 
it  goes  in  and  comes  out  again  accordir^  to  a  rule 
or  ratio  which  we  call  the  fpecific  heat  of  that  fub- 
Hance.  Caloric  never  enters  into  any  body  without 
cither  raifing  its  temperature  or  increaflng  its  fpe- 
cific heat.  To  this  general  fa^,  too  much  attention 
cannot  be  paid.  There  is  no  proof,  and  no  inOancc 
can  be  given,  where  caloric  combines  Mith  the  par- 
ticles of  matter  without  doing  one  or  other  of  ihcfc. 
Therefore,  though  caloric  fhould  really  combine 
with  the  molecules  during  fufion,  or  at  any  other 
t)m«,  provided  only,  that  it  combines  in  a  manner 
flf  which  it  gives  notice  by  the  raifed  temperature 
or  incrcafcd  fpecific  heat  of  the  body,  the  determina- 
tion of  the  real  zero  will  not  be  affcded  by  fuch  a 
cocnbination.  And,  if  by  patient  and  (kilful  cfTorta, 
:  cjtperimentaL  detenainations  of  this  point 
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(bould  be  brought  to  agroe,  we  mud  not 
that  caloric  docs  not  unite  with  thepajticles 
but  only  [hat  it  does  not  unite  out  of  proportion  to 
dicir  fpecific  heats.  Ic  is  pcrhap,  impoffiblc  to  de- 
monfirate  the  firft  of  Squid's  propofictonk  to  be 
ill-founded,  but  the  rcverfc  of  it  can  be  rendered 
highly  probable,  and  it  i^  in  ilfelf  without  pofittvr 
proof.  It  is  difficult  to  fee  any  abfolutc  incoiifiJlcncy 
between  the  dodrine  of  capacities  and  that  of  chc 
cbemical  combination  of  heat.  It  is  perhaps  of  lii 
confequence.  whether  we  know  the  law  by  whil 
bodies  fcize,  or  tliat  by  which  they  only  receive  Oilo- 
lic,  provided  we  only  know  the  ratio.  This  part  of 
our  fubjedt  is  extremely  hypothetical  and  Dafatif- 
fadory,  and  may  be  abandoned  with  advant<ige.  Wc 
cannot  cxpedl-any  preciG:  anfwcr  to  almoft  any 
queftton  concerning  the  nature  or  mutual  at^ioQ  of 
the  ultimate  diwiiions  of  nruiwcr.  The  do^rinc  of 
particles  is  yet  involved  in  a  dark,  and  it  it  to  be 
feaKd,  an  impenetrable  cloud.  Whether  the  rays  of 
fcicnce  arc  one  day  dcftincd  to  pierce  this  obfcuricjr 
it  would  be  fruitlefs  to  giiefti  and  prefumptuous  to 
determine.  Yet,  if  the  mucualRAion  of  three  paF- 
ticlcs  upon  each  other  has'puzxlcd  and  ftrited 
prafoundeH  philofophcrs  of  Europe,  how  fball 
hope  to  determine  that  qucltlon,  which  ehibraces 
confidcration  o<f  thefe  minute  bodies,  infinite  in  their 
number,  endlefs  in  the  variety  of  thcirnugnitudci 
and  their  forms,  ami  agitated  by  a.iboufarti  motiotu, 
(jf  which  wc  know  neither  the  caufc  nor  the  d^rcci^ 
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If  tbcn  a  body  abforbs  heat  in  a  regular  way 
which  wc  can  jnvcftigate  and  foreicil,  as  has  been 
done  in  many  cafca,  it  is  lefs  neccHary  to  inquire 
howthis  is  perfornKd.  It  is  without  all  doubt  ne- 
ccflary  that  caloric  fliould  enter  into  bodies  regu- 
larly, or  in  a  way  which  we  can  predid.  But  if  it 
enters  in  fuch  a  manner,  it  is  perhaps  of  inferior 
importance  whether  it  docs  or  does  not  combine 
chemically  M-ith  the  body.  There  arc  the  ftrongcft 
grounds  for  imagining  that  whenever  a  body  changes 
its  c;^jacity  it  rakes  in  or  gives  out  caloric  in  fuch  a 
way  that  the  abfolute  heat  ftill  remains  proportional 
to  the  capacity.  At  Icaft  among  the  almnft  infinite 
varieiyof  chemical  phenomena,  where  heat  or  cold 
is  produced,  in  every  cafe  the  fpeclfic  heat  feems  to 
be  accommodated  to  the  alteration  of  the  tempera- 
ture, to  become  great  when  the  temperature  is 
dirainiihed.  and  Icfs  when  it  is  incrtafed.  If 
on  Cifc  could  be  fhcwn  where  this  docs  not 
happen,  the  argument  muft  be  abandoned.  But 
till  that  u  fairly  done,  it  nay  be  allowed  to 
fiy,  that  there  is  here  a  mo/t  marvellous  coin- 
cidence, if  it  really  has  no  connexion  with  the 
phenomena. 

There  may  be  conceived  to  be  three  cafes  of  the 
union  of  caloric  with  fubAanccs  cxpofcd  to  itsadton. 
Caloric  may  enter  either  by  chemical  combioationi 
<«■  by  fomcthing  different  from  this,  which  ,M.  Se- 
I  has  called  the  admillion  of  hea:  between  the 
da  of  matter,  or  it  may  enter  partly  in  both 
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iMfs<    But  our  argoment  will  remain   unafTc^cd 
*hichcvtr  of  thcfe  modes  of  umon  is  really  confif!^' 
with  faiftt,  provided  the  hrat  can  be  dircovcred  i 
oner  according  to  any  conflant  rule. 

M.  Segiiin'j  fccond  propofition,  ihat  the  capaci- 
ties of  bodies  arc  not  pcrmancnr,  I  haivc  already  di^ 
euRed,  and  fhall  not  again  enter  updn  bert.    !  h:ri 
endeavoured  tofhcw,  that   the  capacltic*  probaSI 
are  permanent,  and  that  we  have  no  j»ft  grounds  I 
doubt  this  faift;  but   if  they  even  are  not  fo,  rh<ft 
the  theory  is  no  wife  dependant  on  foch  a  fuppoJ   ■ 
fition. 

In  like  manner,  the  third  propofition,  tliat  the  ftbw  - 
(blute  calorics  arc  not  pToportional  tbihefpecific,' 
have  already  fiilly  difcufTed. 

M.  Scguin,  after  acknowledging  that  the  C] 
mentsof  MelTh.  Lavoifier  and  Laplace,  the  r 
of  which  I  have  already  ftated,  arc  not  fufScient'^ 
determine  finally  the  queflion  of  finding  the  natli 
zero,  proceeds  lo  draw  dedudions  of  a  fimilarfc 
but,  35  he  thinks,  infinitely  more  ftrong,  from  1 
experiments  upon  the  combullion  of  pholpbon 
fiydrogen,  and  carbon.    The  details  of  thcfe  atr  & 
found  in  Lavoifier'i  Elements  of  Chcmiftry.    It  i 
Ibund  that  each  pound  of  0X)'gen  during  the  ccn 
buflion  of  phofphorui  in  it,  difcngaged  enoug' 
ealotic  to  melt  66.66  pounds  of  ice.     Whence, 
pofing  the  oxygen  to  have  parted  with  all  its  I 
and  the  water  formed  to  conlain  135°  of  lateftt  ? 
there  muft  have  been  itithe  oxygen  899 


DEGREE  ot  Heat. 


US 


tncaHired  by  the  capacity  of  the  waier^ 
f  ttking  Dr.  Crawford's  determination  of  the  ca- 
pKily  of  oxygen  at  4.769,  that  number  applied  to 
ozjrgen  is  reduced  to  1887  nearly,  which  is  the  real 
lero  according  to  the  calculation.  There  are  fc-j 
vcral  circumftanccs  to  be  taken  into  account  bctbfe 
idmitting  the  truth  of  this  inference.  It  is  to  be 
rec(J!c<Jted,  that  the  experiment  was  made  by  burn- 
ing the  j,hofphorus  in  the  calorimeter.  All  the  ob- 
jciftionB  to  the  accuracy  of  that  jnflrumcnt  beaf 
with  full  Force  upon  this  queftion.  But  even  if  that 
point  were  conceded,  one  yet  more  material  reinainj. 
The  whole  of  this  rcafoning  hangs  upon  the  juftneft 
of  Di.  Crawford's  determination  of  the  fpecific 
hear  of  oxygen.  If  this  be  not  fairly  found,  no 
li^menc  can  be  drawn  ugainft  the  general  theory 
or  the  application  of  it  to  difcover  the  real  zero. 
A  very  moderate  alteration  of  the  number  cxprefTing 
■IM  capacity  of  oxygen  would  render  this  xcroncarljr 
flpilame  with  that  of  Dr.  Crawjord'a  own  determi- 
'"^iftSon,  from  which  indeed  even  in  its  proftnt  magni* 
tude  it  doe<  not  very  widely  diverge. 

Another  determination  df  the  natunf  'tet6  is 
made  by  M.  Scguin  from  the  refult  of  the  cbmbuf- 
Htm  oxygen  and  hydrogen.  It  depetKls  on  (inutif 
principles  te  ihofe  already  laid  down.  The  BrS 
aflumption  U  the  accurate  dctcmii nation  of  the 
qnantity  of  beat  in  vital  air,  to  which  m^  be  addod 
diac  of  the  precilkm  of  the  calorimeter  as  a  mcaA»fa 
«Clkfib   .£ii(^  anacciduicaafhc  tcp^tusrfi  (ten* 
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ingt  or  any  impcdimcnc  in  ihe  couife  of 

In  the  condu<fling  tube  would  readily  account 
much  greater  quantity  of  caloric  than  what  is  here 
confidcred  as  exifllng  in  the  difcharged  water,     Af^ 
ter  all,  the  zero  thus  dctcnnined  amounu  ordfi- 
1613.72. 

The  experiments  upon  the  combuftion  of  carbon 
in  oxygen  arc  yet  more  hypothetical.  For  in  that  cafe, 
befides  the  former  confide  rations,  the  capacity  of  car- 
bonic acid  is  fuppofcd  to  be  afccrtained.  Upon  the 
whole,  it  may  be  pbfcrved,  that  thefe  objc^ions  ap- 
ply rather  to  Dr.  Crawford's  ftatemenr  of  the  capa- 
cities of  different  gafcs,  and  other  bodies  applied  10 
the  explanation  of  the  fourcc  of  animal  heat,  than 
to  the  genera]  doClrincs  delivered  jn  thefe  ElTays. 

Of  all  fubAances  none  feem  lefs  Btied  to  aiford  an 
accurate  knowledge  of  their  relations  with  heat  ihxti 
the  aeriform  bodies.  The  diiHculty  of  conducing 
experiments  upon  them  is  very  grcat^  while  the 
fburces  of  inaccuracy  are  unufually  numerous.  The 
purity  of  thefe  fubdances  is  far  from  being  ca&}y 
afcertained,  and  they  may  readily  give  origin  to 
erroneoui  ideas  concerning  heat  from  their  contami- 
nation with  various  other  airs,  with  folid  fubftanccs 
which  they  can  retain  in  foluiion^  ^nd  from  the  very 
moiHure  which  in  an  unavoidable  but  uncci 
quantity  never  fails  to  accompany  all  gaicpua 
dies.  One  cannot  help  remarking  here  the  ext] 
and  extraordinary  accuracy  of  M.  Lavoifici;'!  rcful^^ 
He  never  feema  to  ilU&r  uiy  loTs  in  bis  espcttsiEli^ 
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•r  ai  leaft  only  fome  cvanefcent  fradion  of  a  grain. 
That  philofophcr's  high  merits  in  every  refpc<5l 
would  aJone  protcft  him  from  any  refledion  of  in- 
accuracy. Yet  the  mind  is  involuntarily  ftruck 
with  a  combudion  of  hydrogen  and  oxygen,  where 
fix  pounds  ten  ounces  five  gros  and  twenty-four 
grains  of  the  gafcs  arcufed,  and  fix  pounds  ten  ounces 
E  gros  and  twenty-four  grains  of  water  produced, 
t-lhij  experiment  would  bear  repetition  with  the 
mc.accuracy,  it  would  afford  the  befi:  polTible  ar- 
gument againrt  the  gravity  of  caloric. 

The  only  other  obje<ftions  to  this  method  ofdif- 
covertng  the-lowcft  degree  of  heat  which  occur  to 
nie  as  worthy  of  confideration  are  thofe  urged  by 
X)r.  Thomfon,  in  his  Syftem  of  Chcmiftry.  I  have 
already  noticed  his  obfcrvations  upon  the  theory  of 
capacities  in  general,  and  clofely  as  every  part  of 
that  theory  is  conne<fled,  it  cannot  be  necefiUry  to 
enter  again  upon  this  fubjeit  at  great  length.  That 
^nileman,  in  the  lafi  edition  of  his  work,  vol.  1. 
page  398,  has  inferted  the  following  palTage. 

"if  the  fpccific  caloric  of  bodies  has  any  meaning,  it 

caii  only  be,  that  the  fame  quantity  of  caloric  raifcs  the 

^^Jgpperaturc  of  one  body  a  greater  number  of  degrees 

HHtot  it  does  another.     When  we  fay  that  the  fpeci- 

^^l^caloric   of  A  is  ^  6,  and  that  of  B  =  I.  what 

I      do  wcmean,  unlefs  that  thequantity  of  caloric  which 

latfcs  B  6^  raifes   A  only  i",  or  th;it  what  raifcs    B 

4o*  or  600",    raifes  A  only  10°  or    loo'f  When  we 

eiajr  that  the  fpccific  caloric  of  water  is  10°,  and 
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tliitbf  iceq,  do  wc  not  mrah;  ifiift  tlft  '^^lintip^J 
caloric  which  railcs  the  ice  lo",  itr  ioo°,  raites  iraT 
only  9°,  or  90"?  Yet  during  the  change  of  ice  inttf 
water  140^  of  caloric  enter  it  without  raifing  its  tem- 
perature ;  a  qun'itily  grfklfr  than-ivbdt can  he  tii^iuKte'd 
(or  by  the  ii^crer.ce  of  Jpccific  catoriety  ii6  dfp-ets. 
When  water  is  convened  into  Itcam,  1000=  of 
ioric  difajjpcar  :  yet  the  fpecific  caloric  of"  Tteam  is 
that  of  »  ater,  according  to  Dr.  Crawford's  own  tx- 
perimcnts.only  as  155  to  i  00 ;  70  that  m  tffi  than  4$  j 
degrees  of  eahrk  dijappear,  wbicb  caitn6!  '^e'aecou'rite3 
for  according  to  this  theory." 

If  this  reafonirig  we're  well  fouW^ea,  Ae  tfti 
.would  indeeil  require  no  "further  confutation. 
it  is  not  very  diPficuI't  to  (liew  t1ie  fourceof  error  il'l 
this  argument.  The  126  degrees  here  mentioned; 
were  obtained  by  Dr.  Thomfon,  as  we  learn  frol^ 
4  former  work  of  his,  in  the  following  rnahner.  Hi 
feys,  let  the  140  degrees  of  latent  heat  in  water 
fuppofcij  to  be  only  degrees  mealiired  by  the  ca| 
city  of  ice,  inftead  of  thpt  of  water,  to  which  tht 
arc  really  proportional.  Wlien  therefore  the/e  de- 
grees enter  ice  at  ja",  the  temperature  ought  to  bfc 
t^i":  forio  ;  9  ::  140:  ia6i  but  itn-asonly  32<*. 
Therefore  126°  of  caloric  have,  as  Dr.  Thomlbji 
alTerts,  difappeared,  and  cannot  5c  accounted  for 
the  change  of  fpccific  caloric. 

Dr.  Thomfon  thus  gives  it  as  a  fair  ftatemcnt' 
Dr.  Irvine's  theory,  that  the  140'' entering  ice  di 
ling  its  change  into  water,  fhould  be  Icflehed  ih  tftrj 


ets. 

% 

led. 
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Tfttio  of  9  to  io«  aud  ought  therefore  to  be  only  %:i6^; 
or  in  other  worcis,  if  the  he^t  enteriog  the  ice  were 
only  fiifiicieni:  to  raifc  the  tcwpci^turc  of  the  ic^ 
l4Q\  fhe  temperature  of  the  water  ought  to  be  158% 
On  th(9  fuppofitionj  however^  the  water  would  con- 
taia  twp  portiom  of  heat^  its  oqgina]  quantity  f|:QQ^ 
the  natural  zero  1032^  expreflcd  in  degrees  mqi-r 
fibred  by  the  capacity  of  ice^  and  the  fupeq^ddc^ 
portion  froRi  32''  to  jjS'mcafured  by  t|jiat  pf  water* 
The.icc^  according  to  this  ftatemerit^  wouli^  no  doitb^ 
melt  without  abforbing  any  caloric^  and  the  yfSLtCf 
would  be  merely  heated  as  in  every  other  cafe,  ^ut 
Pr.  I^v4j()e^  and  after  him  Dr.  Crawfojd^  lUid  X^p 
nrr,itcrs  of  JElcmcntary  Treatifes,  and  I  b4ieyel  ip?^ 
/fjrall.our  philofophcrs,  ejKiept  Dr.  Xl^mlw,  hayp 
Altcd  thi^  dodrine  of  capacities  to  l;ir^  ^hat  ey^ry 
xme  of  the  degrees^  expreiling  the  whole  hi^at  cqa- 
.taiood  in  a  body  is  to  be  tgken  in  proportion  tp  plyc 
capacity  of  that  body.  And  therefore  that  if  jic;c 
fuddenly  changed  its  capacity  it  )VQuld  ^^o^b  iigt 
XQcrcly  a  rateable  proportion  of  what  h^^t  niight  .1^ 
j>rcfQpced  to  it^  but  an  abfolute  quantity  to  m^e 
Upifor  its  new  capacity,  iror  the  f^uiantiQr  pf  jhe^t 
.nccifirary  to  raife  the  tempci;a(urje  of  ice  ^ch  degi^ 
fjcom  ^ natural  zero«  is  to. the  quantity. of  heat  ne-* 
oe£&^  to  rai£e  the.  temperature  of  w^ter.each  x^egr^e 
from  the  fame  ppint^  as  the  capaciiy  of  che,one.bpdy  ^s 
to  t;l;uLt  of  the  other.  Ice  cannot  then,  .as  itacq^i^s 
.iu^ew  lormj  (hew  any  increafc  of  tcn^peraturc^  till 

L  2 
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the  di(fcrcnces1>ctwecn  the  heats  of  cad*  degree  fro 
the  lowed;  point  be  made.  Thefe  differences  amouifl 
to  the  140°  found  by  experiment,  and  cannot  raifc 
the  temperature  of  the  water  even  by  the  fraiftion  of 
a  degree,  bccaufe  it  is  barely  fufficicnt  for  the  de- 
mands of  its  new  capacity.  Had  the  140°  been  ap- 
plied to  water,  Dr.  Thomfon's  aifertion  of  the 
ufe  of  temperatures  would  have  been  jufi,  but  it 
can  by  no  means  be  admitted,  when  alluding  to 
a  portion  of  caloric  entering  a  body  during  a  chai^ 
of  capacity. 

I:  is  obvious,  that  if  we  could  inffantaneouflj 
increafe  the  capacity  of  any  body,  it  would  imme- 
diately become  colder ;  and  its  temperature  would 
fink  proportionally  as  much  lower  as  its  new  capa- 
city was  higher.  In  the  fame  manner  if  a  body  has 
its  capacity  fuddenly  increafcd,  and  at  the  fame  time 
a  quantity  of  heat  added  to  it  to  make  the  abfolutc 
caloric  proportional  to  its  new  capacity,  that  body 
would  continue  exactly  at  the  fame  thcrmometrical 
point.  But  melting  ice  in  fuch  a  body,  the  140" 
are  demanded  by  its  new  capacity,  they  would  have 
been  more,  if  its  capacity  had  been  greater,  and  Icfs 
if  Icfs.  On  the  very  principles  of  the  theory,  there- 
fore, ice,  on  becoming  water,  ought  to  rcccivea  quan- 
tity of  heat,  and  that  quantity  is  not  governed  by 
the  proportion  of  9  :  10,  but  the  whole  heats  arc  in 
that  proportion,  and  the  i4odegrces  arconly  theirdif- 
fercncc.    All  calcuiaiioofi  on  the  alteration  of  tcm- 
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perature  to  be  produced  by  a  given  portion  of  ca-* 
loric, .  a  body  from  the  knowledge  of  the  relation 
of  its  capacity  to  that  of  another  body,  and  of  the 
number  of  degrees  that  other  is  raifed  by  the  fame 
quantity,  continue  juft  only  while  the  capacities 
continue  in  the  fame  proportion.  Dr,  Thomfon's 
obfervations  upon  fleam  are  equally  objedlionable, 
and  arc  to  be  anfwcred  precifely  dn  the  fame  prin- 
ciples. It  would  be  needlefs  wafle  of  time  there- 
fore to  extend  further  the  confideration  of  this 
Xubjed. 

Immediately  connedled  with  the  theory  of  heat 
.i^hich  it  has  been  my  objed  to  explain  and  illuilrate 
in  thefe  Eflays,  is  the  account  given  of  the  origin  of 
animal  heat  and  of  combuftion,  by  Dr.  Crawford. 
Jt  is  indeed  fo  obvioufly  dependant  on,  and  fo  imme- 
diately derived  from  the  do<ftrine  of  capacities,  and 
particularly  from  that  part  explained  in  the  following 
cflay,  that  I  am  a  little  furprifed  to  obferveit  aflerted 
by  feveral  authors,  fome  of  whom  are  very  recent, 
that   Dr.  Crawford's   theory  is  derived  from    Dr. 
Black's  fpeculations,  when  furely  it  evidently  comes 
.  dircdlly  from  the  dodlrines  now  treated,  and  only 
through  them  from  the  theory  of  latent  heat.     It 
.wholly  hangs  on  the  previous  admiflions,  that  bodies 
contain  heat  according  to  their  capacities,  and  that 
a  change  of  capacity  is  always  accompanied  by  a 
proportional   change  of   temperature,    propofitions 
firfl:,  as  I  believe^  enunciated  by  Dr.  Irvine,  certainly 


method  of  invcfligating  the  laturaJ  zero  propoM 
by  Dr-  Irvine,  is  derived  from  principles  which 
have  their  foundation  in  nature,  which  can  be  fairly 
fupporu'd  by  argument,  and  which  arc  not  con- 
tradidlcd  by  the  rcfulti  of  an^  experiments  blthcrta 
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Avovo  the  manufcripts  of  my  father  there  were  found  the  foK- 
lowiag  de/initions  and  propofitions.  They  are  obvioufly  in- 
complete, and  were  probably  intended  to  have  been  enlarged, 
fo  as  to  contain  the  whole  of  his  dodrines.  Notwithllandin^ 
this  imperfection  I  have  determined  to  infert  the  portion 
£ni(hed,  fince  it  appears  to  me  to  comprehend  a  condenfed  and 
accurate  account  of  a  conHderable  part  of  the  fubjedt  of  caloric 
as  viewed  by  Dr.  Irvine* 


JL  HAT  philofophers  may  reafon  with  diftinfhiefs  and 
pcrfpicuity  about  heat,  it  is  neceflary  that  they  ihould 
agree  in  the  terms  which  they  ufe  to  exprefs  the  va- 
xious  meafures  which  they  apply  to  it. 

The  meafures  of  heat  known  to  us  are,  I  think,  re. 
ducible  to  three,  to  wit^  temperature,  relative  quan^ 
tity,  and  abfolute  quantity. 

h  By  temperature  of  heat  in  a  body  ia  meant  that 


which  is  indicated  by  the  thermometer,  this  is  alwaya 
mcafured  by  the  degree  which  the  thermometer  ul 
laifed  by  that  temperature. 

Temperature  therefore  is  always  exprefled  by  de- 
grees of  the  thermometer,  and  we  may  fay  the  tem- 
perature of  one  body  is  equal,  is  higher  or  lower 
than  that  of  another;  and  if  higher  or  lower  we  may 
cxprcfs  the  difference  by  degrees  of  a  certain  thcr- 

•  mometer,  but,  until  the  ratio  between  one  tempe- 
rature and  another  be  afccrtained  by  experiment  and 
indutftion,  we  ought  to  confidcr  temperature  as  a 
nicafure  which  admits  of  degrees,  but  not  pf  ratio?. 
Nor  ought  we  to  ufe  the  expreflion  of  a  double  or 

■  triple  temperature,  ihefc  being  terms  which  can 
convey  no  diftinifi  meaning  until  the  ratio  of  different 
temperatures  be  determined. 

rJU.  As  it  is  now  Jvnown  that  two  bodies  of  dif- 
ferent kinds,  even  when  equal  in  pemperature  .and 
magnitude,  or  equal  in  temperature  and  weight, 
may  yet  have  different  quantities  of  heat,  it  is  nccef^ 
fary  to  have  Ibme  term  by  which  this  difference  of 
bodies  cwilh  relation  to  heat  may  be  t^preffed  ^d 
meafiired !  apd  this  is  what  I  call  relative  he.nt,  or 
relative  quantity  of  heat.     The   relative  heat  of  a 

I  body   ihercfpre.is   always   meafured    by    the   ratio 
■which, t^e .whole  ^cai  coijtaiped  in  a  body  ,bei 
to, the  ^wfaole  .heijt  of  fprjie  other  body  of  the  faf 
tCEiiperaturc  and  magnituil^,^or_^of  thc^^jmp  Kmp^^ 
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Thus  if  one  meafure  of  water  contains  as  much 
heat  as  two  meafures  of  quickfilver  of  the  fame  tem- 
perature^ this  is  exprefled  by  faying  that  the  relative 
heat  of  water  is  double  to  that  of  the  fame  bulk 
of  mercuiy^  or  if  one  meafure  of  mercury  is  equa^ 
tn  weight  to  fourteen  of  water,  we  may  fay  that  the 
relative  heat  of  water  is  to  that  of  the  fame  weig)^ 
of  mercury  as  iS  to  i.  Again^  if  feven  pounds  of 
water  have  as  much  heat  contained  in  it  as  cigfi^ 
ipounds  of  ice  of  the  fame  temperature;  this  is  ex- 
•prefled  by  {aying  that  the  relative  heat  of  water  is  fio 
*duit  of  ice  as  6  to  /• 

III.  The  abfolute  heat  of  a  body  is  the  whole 
'quantity  of  heat  contained  in  it.  This  is  doubled 
^hen  the  body  is  doubled^  idpled  when  the  hodf 

m 

'h  tripled,  while  the  temperature  and  relative  beat 
.'«e  uncfaaaged. 

Corollary.  From  this  and  the  fecpnd  definition^  it 

follows,  that  the  abfolute  heat  of  a  body  A  to  that 

of  another  Bef  the  lame  temperature^  is  in  the 

coo^pound  catio  of  their  magnitudes,  and  their  rela- 

tifeheat  in  relation  to  magnitude;  or  in  the  com* 

ipound  ratio  of  their  weights  and  their  relative  heat 

in    t^rd    to  weight;  ^nd  their    abfolute  heats 

will  be  equal,  when  the  m^nitudcs  or  weights  pre 

•reciprocally    as  their  relative  heats  in   relation  to 

.Jtoagnitude  or  weight :  refpedively.     When  I  fpeak 

.of  the  quantity  of  heat  without  any  qualification,  I 

always  mean  the  abfolute  quantity. 
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^-  'The  quantity  of  heat  which  raifcs  a  body  one  dei 
-grcein  temperature  is  half  of  that  which  raifes  the 
fame  body  two  degrees,  one  third  of  that  which 
laifcs  k  three  degrees,  and  fo  in  proportion  cither 
acciintcly  or  very  nearly.  This  proportion  is 
proved  by  the  experiment  of  mixing  equal  quanti- 
ties of  water  or  any  other  fluid  of  different  itmpe- 
Vaturcs :  the  mixture  is  found  to  have  always  that 
Kmpcraiurc,  which  is  an  arithmetical  mean  be- 
tween the  temperature  of  the  bodies  before  mix- 
ture. 

The  rcafon  why  this  proportion  is  exprefled  -ml 
cither  accurately  or  very  nearly,  is  that  it  may  bCn 
doubted  whether  the  liquor  in  the  thermometer  has 
not  by  equal    quantities  of   heat  cxpanfions  which 
bear  the  fame  ratio  to  the  whole  liquor,  or  whether  j 
it  has  prccifcly  equal  cxpanfions. 


s 


Corolfaty.  Different  bodies  are  raifcd  from  one 
degree  of  t«mperaturc  to  another  by  a  quantity  of 
^cat  which  is  as  the  degrees  of  temperature  added, 
the  bulk  of  the  body,  and  its  relative  heat  taken 
conjuniflly.  For  when  the  relative  heat  and  bulk 
arc  the  fame,  the  quantity  of  heat  given  will  be  as 
'  ihc  number  of  degrees  of  temperature  added. 
When  the  tempciaiure  and  relative  heat  are  the 
iamc,   the  quantity  of  heat  added  uUI  be  as  the 
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iriagnitude  of  the  body ;  and  when  the-  temperature 
and  magnitude  are  the  fame^  the  quantity  of  heat  is 
as  the  relative  heat.  Therefore,  when  none  of  tbe' 
three  is  the  fame,  any  quantity  of  heat  added  will- 
be  the  compound  ratio  of  the  three;  to  wit,  the 
degrees  of  temperature  by  which  the  body  israilcd;^ 
the  magnitude  of  the  body,  and  its  relative  heat  ia 
relation  to  magnitude. 

PROPOSITiaV  II. 

Having  given  the  magnitudes,  the  relative  heat 
in  regard  to  magnitude,  and  the  temperature  of  any 
number  of  bodies  which  mix  without  any  change 
of  their  relative  heats,  to  find  the  temperature  of  the 
whole  mixture : 

Solution.  Let  a,  h,  r,  rf,  be  the  given  bodies,  and 
let  the  fame  fymbols  cxprefs  their  magnitudes :  let 
d  have  the  lowcft  temperature,  and  let  the  degree 
of  temperature  of  ^,  b,  r,  above  i/,  be  /,  w,  »,  rc- 
fpeftively  :  Let  the  relative  heat  ofd  beexprcflcd  by- 
unity,  and  the  relative  heat  of  j,  b,  r,  compared 
with  that  of  d  in  equal  magnitudes  be  x,  j,  2;,  rc- 
fpedively. 

Multiply  the  feveral  magnitudes  J,  b,  c,  firft  into 
their  rcfpedlive  relative  heats  x,  y\  z,  and  then  fe- 
verally  into  the  degrees  of  temperature  by  which 
each  exceeds  the  temperature  of  rf,  to  wit,  into  /, 
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»,  If,  refpeflively.  Add  the  three  produfls  t 
iher,  and  divide  the  fum  by  the  fum  of  all  the  four 
magnitudes,  and  the  quotient  will  give  the  d^rees 
of  temperature  by  which  the  mixture  exceeds  the 
temperature  of  d,  which  in  the  prefent  example 
Vill  be 

a!x  -}-  hmy  ■\-  citz 

This  folution  follows  ncceflarily  from  the  corollary 
ofthefirft  propofuion. 


I  mcom 

^K        have 


To  complete  this  mathematical  ftatement  of  Dr, 
Irvine's  view  of  the  theory  of  heat,  fevcral  other 
propofitions  are  obvioufly  wanted.  Ofthefe,  how.- 
ever,  I  have  not  been  able  to  find  any  notes  of 
the  author's  writing.  That  he  did  extend  his  (pe- 
culations in  this  form,  and  that  he  was  partial  to 
this  mode  of  confidering  the  fubje<ft,  1  have  good 
rcafon  to  believe.  He  was  accuftomed  to  make 
his  chemical  letflures  the  vehicle  of  his  opinions, 
and  trufting  to  the  clearnefs  of  his  ideas  -aix3  the 
accuracy  of  his  recollection,  he  committed  to  pa- 
per comparatively  few  of  his  dodrines.  I  hope, 
however,  that  this  portion  whigh  I  have  been  able 
to  fclcfl  will  not  be  wholly  unacceptable,  though 
incomplete.  It  was  at  one  time  my  intention  lo 
ha\-c  endeavoured  to  extend  thefe  propofitions  u» 
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what  may  be  called  their  original  length.  From 
this  however  I  have  been  difluaded  by  the  conli.. 
demtibn  that  a  full  expolition  of  almoft  all  the  ad- 
ditional points  is  contained  in  the  forgoing  and  fol. 
lowing  pages^  though  wantii]^  that  mathematical 
brevity  and  precifion,  which  another  form  might 
have  beftowcd  upon  them. 
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Upon  fome  occafions,  fubfiances,  upon  being 
mixol,  become  colder  than  they  were  before.  By 
this  means  more  heat  can  be  taken  out  of  bodies 
than  by  any  other  hiihertociifcoveied.  Bydiminifh- 
ingheatin  this  manner,  its  extenfive  influence  has 
been  jnvcftigated.  It  is  by  fuch  means  that  it  has 
been  experimentally  proved,  thatquickfilveris  rcaJly 
poflcfled  of  all  ihe  properties  that  are  peculiar  to 
metallic  fubOances.  and  that.itdilTers  fromVl  thole 
bodies  hitheno  known,  in  requiring  only  a  very 
fmall  degree  of  heat  to  melt  it.  By  mixing  bodies 
in  the  greateft  degrees  of  cold  that  appear  in  nature 
a  greater  is  produced,  and  there  is  rcafon  to  expctJt, 
if  the  experiments  by  which  mercury  lias  been 
frozen  were  to  be  repeated  in  the  intenfc  co'ds  of 
Siberia,  that  more  remarkable  effctfts  would  be  pro- 
duced, and  that  ether,  fpirit  of  wine,  and  air,  the 
only  bodies  thai  have  never  been  fcen  in  afolid  form, 
might  be  there  deprived  of  their  fluidity,  and  the 
opinion  that  the  fluidity  of  bodies  depends  on  hcati 
receive  the  moft  complete  experimental  proof,      -'^h 

The  degree,  to  which  this  diminution  of  heat  cWH 
-be  carried,  is  limited,  if  the  conclufions  drawn  from 
my  experiments    for  determining  the  natural  icro 
be  well  (bunded.      Probably   long  before  they  are 
cooled  to  this  point,  ail  bodies  would  become  folid^.H 
It  would  be  fingular,  if  the  denfity  in  all  were  tkfe'H 
lame,  when  cooled  to  this  degree. 

Though  ihe  heat  produced  by  mixing  bodies  has 
not  been  fo  ufcful  in  enlarging  our  ideas  concerning 
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lieat,  as  the  diminution  of  it  by  mixture  has  beeli» 
it  has^  however^  been  much  attended  to  hy  philofb« 
phers  on  account  of  feveral  curious  circumlbuices  in 
its  produdtion.  Heat  or  cold  is  produced  hy  the 
fame  fubftances  according  to  the  Ihite  they  axe  in 
before  they  are  mixed.  In  general  it  is  by  mixing 
two  folids^  or  a  folid  and  a  fluids  that  cold  is  pro- 
duced.  h  is  generally  by  mixing  two  fluids  that 
heat  is  produced.  Thofe  folids^  or  the  folid  and  fluid 
uhich  when  mixed  becomtf  colder^  if  they  are  ren- 
dered fluid  before  mixture^  will  pnxluce  heat  upon 
being  mixed.  Thus  nitrous  acid  mixed  with  Caow 
or  ice  becomes  inftantly  fluids  and  a  confiderable  de- 
gree of  cold  is  produced*  If  the  fnow  or  ice  is 
melted  before  it  is  mixed  with  the  aqua  fortis,  a  con- 
fiderable degree  of  heat  is  the  confequence  of  the 
mixture. 

The  caufe  of  thefe  differences  has  excited  the 
attention  of  the  greateft  philofophers.  The  fiiigu. 
larity  of  the  phenomena  rather  than  any  diflancprod 
peds  of  utility^  attraded  their  notice.  They  have 
differed  very  much  from  one  another  in  the  cauft 
which  they  have  afligned  for  thefe  appearances. 
They  do  not  differ  only  among  themfelves ;  the  ex- 
plication given  by  any  one  of  them  is  feldom  con- 
fifl:ent  throughout.  From  fome  experiments  made 
feveral  years  ago«  a  way  prefented  itfelf  of  accounting 
for  the  heat  produced  in  mixtures^  different  from  any 
that  had  been  thought  of  before,  and  at  the  fame 
time^  more  agreeable  to  the  phenomena.      Many 
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Otben  had  before  occurcd  to  me,  but  on  a  ncariF*  ' 
vicAv  were  rcjccftcd,  bccaufe  they  did  not  agree  with 
the  phenomena,  and  were  not  fufficiently  fapportcd 
b^  experiment.  So  many  had  fucccfiively  prcfented 
thcmfelves,  and  had  then  been  rejeiJtcd,  that  after 
a  long  and  fruitlefs  fcarch,  1  at  !aft  defpaircd  of  fuc- 
cefs.  1  was  about  to  leave  inquiring  after  a  fiibjeift 
which  had  hitherto  been  fo  barren,  when  accident 
fuggcftcd  to  mc  an  explication,  which,  fo  far  as  t 
have  examined  hitherto,  has  the  clcarcft  experi- 
mental proof. 

After  all  it  may  be  faid  that  the  fubjcfl  was  n 
worth  the  troubte^  and  that  any  dlRrovcry,  if,  i 
all,  any  difcovcry  be  made,  which  the  fubjcdl  cod 
aflbrdj  was  too  dearly  purchafcd  ;  that  it  is  at  m(^ 
but  fpcculatively  curious,  and  has  IittJe  chance  i 
being  ever  of  any  u(c  to  manJcind. 

Thefe  obfervations,  which  every  one  will  naturs 
make,  are  no  doubt  true.  But  no  perfon  ( 
to  what  purpofc  any  experiments  or  difcoveries  r 
Ijc  applied.  Many  things  which  at  firfl:  fight  i 
as  mMCh  the  appearance  of  idle  curioCty,  have  J 
nii]^ed.Coriic  of  tjie  tpoll  ufcfuL  inventions.  The  per- 
fqnvhoamMfed  himfclf  wirh  the  glafies  ofa  pairoif^ 
ipciSacb;s,  and  obferved  that,  in  a  certain  pofiiioj 
they  apparently  turned  objcL^s  upfide  down,  i 
be  held  as  very  idly  employed,  though  the  difcovci 
of  cHfltufcfuI  inftrunient  the  tclefcopc  was  thee 

Nor  would  one  have  imagined,  thd 
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■ho  employed  himfclf  in  rubbing  a  piece  of  am-" 


\  atmf  utrho  was  dbligKtcid  Wirir  fta%  tfie  ffrliMrf 
diaheef  ardund  ir^  ah  occu^tioh  more  fikii  hladncfi^ 
tiiah'  phil6fo{)Hy;  was  ilAidciitg  an  exixMment^  thar 
drib  day  Would'  I^d  to  dib  ^x]>hfiriack)ii  of  fome  of  dfb^ 
ihbfV  remarkablie  phenomena*  in  nftunt; 

Ingiving  an  account  of tHis  AiBje<^»  f  fliall  dif: 
ftr  from  philofbphbrs  of  the  greateft'  name,  tnd  fiti' 
iWibfe  chatttfters  I  haVe*  the  higlictt'  regahll  Thir 
iWIt  not,  1  trufti  be  imptlttd  to  fbditftf  vanity,  bot^ 
tb  that  earned  wifli  for  tHe  diltoveiy  df  nuth;  whicll' 
doght  to  take  phee  of  every  drfier  c6rtt!dttati6ri. 

Fluid  bodittr,  trpoii  beihg  mixddP,  are'dnibft'tf^ 
drfly  one*  that  bttromd  hbttb*.  In'  r  very  few  •  c^M 
St  Md  and  a  fluid  produce  a  corifldctable  de^tfetj" 
dP  rifcaf.  T*Hc  decree  of  hAt  jJhxltrCcd  by  iriixturtr 
ist  different  in  difthent  bbdler4  lii  fbMe  it  is  Ar 
violent  as  to  make  the  bodies  *  biirll  oiit'  intci  addd' 
ffame,  thdugh  fdrfatterly  ^^  dold'  as  the  air  in  the 
drideft  weather.  Oh  othir  bccaftoris'bbdxes,  whicilt 
s/dxed,  apparently  do  not  becothe  faotterl  Evtir  hi 
thefe,  however.  Heat  is  ptoduced  inr  a  certain  de. 
gree;batin  older  to  perceive  it  we  rhtll!  dc' an  in-- 
Ifruriient  f6r  that  purpofe.  In  thoft  cafes  wherrthe 
heat  produced  by  mixture  isTo  intehfe'^as'to  fet  thtf 
^deon  fire,  thebbdieshaVe  To  completely*  uhitedj 
and  fuch  other  changes  have  taken  place^  that  theyt 
cannot  be  again  fcparatcd. 

Some  bodies  which,  on  being  mixed  prodiitee 
a-verycdhfidcrablc  degree  of  heat,  retain',  hbWever, 
after  their  mixture  fo  many  of  their  original  pro^ 
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perties.  and  arefo  fuperficiall/  united,  that  they  can 
be  feparared  again  [o  as  to  recover  all  their  forir 
qualities ;    fo  that  on  mixing  ihcm  a  fecond  timQ 
they  will  produce  the  fame  degree  of  heat  as  at  firft 
The  moft  remarkable    of  this  kind  are  the  minera 
acids  when  mixed  with  water.     In  all  of  thefe  mix- 
tures a  confidcrabie  degree  of  heat  is  produced. 
None  of  the  mineral  acids,  on  being  mixed  with 
water,  produce  Co  great  an  increafc  of  temperature  as 
the  vitriolic  acid.      When  both  fubftanccs  before 
mixture  are  as  cold  as  ice  at  the  freezing  point,  oa, 
being  mixed,  the  heat  is  greater  than  that  of  boilir^  I 
water.     The  degree  of  heat   in  this  mixture  variei 
according  to  circumftances.     It  is  greater,  when  tl 
acid  is  ftrong  than  when  weak.    It  is  greated  wid 
the  fame  acid,    when   the    quantity   of  acid  nearl|^ 
equals  that  of  the  water. 

The  qualities  of  the  compound  of  acid  and  watq 
are  a  mean  between  thofe  of  the  acid  and  water  1 
fore  mixture.  None  of  the  principles  of  which  cithefT^ 
body  is  compounded  has  been  loft  during  the  mix- 
ture, or  has  been  changed  into  heat  or  light.     The 
water  and  the  acid  can  be  again  fcparated  from  each 
other,  and  in  this  feparate  ftatc  will,   upon  beingfil 
mixed  a  fecond  time,   produce  the  fame  heat  as  a^^f 
firft. 

The  heat  produced  in  this  cafe  cannot  be  accounted^] 
for»  from  any  new  anangement  of  the  principla  | 
which  compofe  thofe  bodies,  but  muft  depend  ol^i 
fonv  ot^.caufe, 
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It  is  the  heat  produced  in  mixtures  of  this  kind 
which  I  principally  intend  to  treat  of  at  prefent. 

The  heat  produced  in  thofe  cafes  where  the  bodies 
are  decotnpofed,  is  more  difficult  to  account  for»  and 
is  more  nearly  allied  to  the  manner  in  which  heat  is 
produced  by  the  inflammation  of  conibuftible  bodies. 
The  produdion  of  heat  is,  however^  probably,  even 
in  this  cafe,  partly  owing  to  the  fame  caufe,  which 
produces  heat  in  the  mixture  of  acid  and  water ; 
that  part  of  it  I  mean  which  is  firll  produced,  and 
which  by  difpofing  the  ingredients  of  the  bodies  to 
fqiarate,  paves  the  way  for  the  produdion  of  it  in 
another  manner.     This,  however,  is  but  hypochcfis, 
and  as  fuch,  I  wi(h  to  diftin^iih  it.  It  is  fcemingly 
not  ealily  capable  of  experimental  proof,  as  we  can- 
not get  the  bodies  coniiftingof  the  fame  ingredients ; 
after  the  heat  has  been  produced  as  at  firll,  and  by 
comparing  them  together,  difcover  whether  in  this 
refped  they  agree  with  the  mixture  of  acid  and 
water. 

The  heat  produced  upon  mixing  acid  and  water 
has  been  explained  by  authors  in  two  ways,  the 
one  accounting  for  it  from  the  violence  with  which 
the  particles  of  bodies  ruih  together,  and  the  great 
fridion  which  muft  thus  neceflTarily  arife.  The- 
other  explanation  of  it  is,  (hat  the  bodies  mod  difpofed 
to  produce  heat  in  mixture,  are  fuch  as  are  of  a 
^  fiery  and  acrid  nature,  qualities  which  have  been 
accounted  for  by  fuppoHng  that  a  certain  quantity 
of  fire  was  contained  in  thofe  bodies,  which  meeting 
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with  flukfi  like  *2tcr.  immediately  prodticcd  tht  CDitt^ 
moiion,  tfvA  the  noife  and  fmoke  which  water  when 
Ihnrwrt  upon  t  ftre  prodoccj.  Thr  firfl  opinion  is 
geBcrall/  rfceived  by  naiurti!  phrfilbphtfrt,  and  has 
been  adopted  hf  thoft  of  the  greatcft  name.  The 
fecond  Dpinron  has  bnrn  propoffd  by  forfic  of  the 
chmnfts,  and  received  by  a  few  of  that  ptofrflion  Jif 
Prance.  A  IKrlc  attentrun,  however,  wll  fhcw  that 
neither  arc  fufficitntly  fupportcJ  by  experirtients. 

At  the  head  of  tholt  phibfophers  who  have  ac- 
connted  for  the  heat  produced  by  mixing  certaJtf'i 
bodies  from  frit'lion,  is  Sir  Ifaac  Ncwtoiv,  and  b«^| 
fctm*  fo  have  admitted  it  withom  fuflicrcnt  cxamina^* 
lion  as  a  confequcnce  of  anradibn  :  and  there  is  this' 
farther  ro  be  urc^rd  in  CTtcufe,  that  it  is  thrown  out 
in  the  fohn  of  a  query,  a«  if  he  did  not  intend  that 
much  artcinion  Hiouid  be  paid  It,  "  Whcti  two  bodies' 
unite  toj^tther,  doca  not  this  (Tays  Sir  IfaacJ  arife 
1mm  an  atmtftitin  which  takes  place  bctuTcn  the 
finall  particles  of  thofc  bodies  ?  and  when  water  and 
vitriolic  ncid  poured  fiicccrtivcly  into  the  fame  veffel 
grow  vtrry  hdt  itl  the  mixing,  docs  not  thir  hear  argue 
R  grcnt  motion  in  the  parts  of  the  liquor ;  and  docs  not 
tHia  moti-in  nnj;uc,  thjit  the  parts  of  the  two  liquors 
in  mixinjTcosleftie  with  violence,  and  hyconfequcncc 
rilfti  row«n.ts  each  other  with  an  accelerated  motion?" 
Irt  (Iwie  other  (>art  of  his  queries,  he  fcemSto  think 
iHm  the  vihratori'  motion  is  that  Jo  which  hear* cont- 
lift*.  TI^e  opinion,  that  heat  confifti  in  tht  Tibra-'*^ 
iot]rinotton'(>rthch«fttnJ  body,  and  that  every  fucb^ 


motion  was  attended  with  heat,  had  been  propofeA 
b)r  philofbphers  before  the  time  of  Sir  I&ac  Newton/ 
Bacon  and  Boyle  feem  both  to  hate  adopted  thii^ 
opinion.  In  proof  of  it«  they  havb  adduced  man/ 
of  the  commonly  known  iticthods  of  producing  hcat# 
Mofl  of  the  h&s  brought  to  fupport  it^  are  in- 
Aances  of  bear  being  produced^  when  the  partictef 
of  fbh'd  bodies  are  (et  ih  motion,  fuch  as  the  ham« 
mering  of  iron^  till  it  bi^comes  red  hot>  methods  of 
kindling  (ires  among  favages^  by  robbing  two  ftickf 
together^  and  the  firing  of  coach  and  miln  whecfi; 
that  are  driven  with  violence  without  being  oiled; 
As  heat  and  motion,  by  thefe  fzSts,  appear  nearly 
conneded;  heat  was  concluded  to  be  motion^  ancf 
che  heat  produced  in  mixing  fluids  was  from  analogy 
concluded  to  arife  from  the  fame  caufe.  But  it  19 
one  of  the  many  inft^nces  that  might  be  given^  hoW 
tittle  truft  ought  to  be  paid  to  analogical  reafonings 
in  phyficdt  fubjeds. 

That  heat  is  not  produced  from  die  motion  of 
ffuidls  is  cfearly  fupportcd  by  experimeik.  Let  U9 
throw  any  fluid  we  pleafe  into  the  moft  viofent  com« 
motionj  no  heat  i»  produced,  that  can  be  difcovered 
even  by  the  moft  fenfible  thermometers.  At  Teaff; 
this  is  the  cafe  if  the  Suid  is  in  the  fame  fituation 
and  poflefTes  the  fame  properties  after^  that  it  did 
before  the  motion.  If  it  is  changed  by  the  motion, 
if  a  part  of  it  that  was  fluid  has  become  fblid,  thcii 
heat  M'ill  be  produced.  But  this  is  never  the  cafe 
with  (imple  bodies,  fuch  ^  water,  mercury,  und 
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the  like.  It  is  onlf  in  very  compound  fluids  thaf 
motion  produces  heat,  fuch  as  milk,  and  the  folution 
of  certain  falts  in  water.  Milk,  when  agitated  in  th» 
common  proccfs  of  churning,  becomes  hotter,  but  in 
proportion  as  it  heats,  a  quantity  of  butter  feparales 
from  it,  and  inftcad  of  being  completely  dilTotved 
and  fluid,  affumcs  a  folid  form,  and  the  whole  after 
the  agitation  is  very  different  from  what  it  was  be- 
fore. When  a  quantity  of  Glauber's  fait  isdifTilved 
in  warm  water,  and  the  whole  is  allowed  to  cool 
without  Ijcing  difturbcd,  upon  fhaking  the  folution 
it  grows  hotter,  but  a  part  that  was  fluid  is  inftantly 
made  fnlid.  So  little  arc  the  fimplcr  fluids  difpofcd 
to  produce  heat  by  being  fct  in  violent  motion,  that 
ihcy  hinder  folid  bodies  when  their  particles  are 
moved  from  producing  htat.  A  coach  wheel  which 
l^y  being  moved  with  great  velocity  round  its  axis 
without  oil,  will  produce  heat  fufficicnt  lo  fct  the 
whole  on  fire,  upon  being  oiled  will  produce  little 
or  no  hcai.  If  the  cfiTeLt  of  the  oil  be  in  this  cafe  to 
hinder  any  .violent  motion  being  excited  in  the  par- 
ticles of  the  folid  bodies,  it  is  equally  evident,  that 
from  the  great  cafe  and  rcadincfs  with  which  the 
partfcla  of  fluids  flidc  n.tturally  over  each  other,  that 
ihcy  are  fcarcc  capblc  of  being  thrown  into  any 
tremor,  as  the  particles  of  folid  bodies  from  their 
nature  may  cafily  be.  It  is  not  very  certain  whether, 
when  the  particles  of  folid  bodies  arc  fct  in  violent 
vibratory  iix)tion,  a  quantity  of  heat  can  with  much 
propriety  be  fji.i  to  be  produced  i^  as  this  C 
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imply  its  being  brought  at  that  time  into  cxiftcncc, 
perhaps  it  would  be  more  proper  to  fay,  when  the 
partides  of  folid  bodies  are  put  in  a  violent  vibratory 
motion^  that  a  quantity  of  heat  is  coIIeAed  froni  th^ 
furrounding  bodies ;  in  the  fame  manner  as  a  glafs 
globe  oh  being  rubbed,  and  having  a  fimilar  vibra^ 
tory  motion  excited,  colledls  from  furrounding'bodie) 
a  quantity  of  that  e]e(5lrical  fluid,  which  they  all  in 
a  natural  ftate  conuin.    Were  we  to  indulge  con^ 
Jefture,  we  might  fay,  that  by  exciting  a  vibratory 
motion  in  the  particles  of  folid  bodies  utre  plroduce 
9  momentary  change  in  their  nature;  in  coiifcquencc 
of  which;  that  fubftance,  ^hich  is  thecaufeofhea( 
and  which  they  all  contain,  is  <:apable  while  the 
piotidn  lafts  of  producing  a  greater  effedt  than  it 
could  do  when  the  particles  of  the  body  were  in  z 
quiefcent  (late.     But  were  this  the  cafe,  the  moment 
the  motion  ceafes,  the  body  Ihould  be  as  cold  as  It 
was  at-firft.    This  is  not  fo;  the  body   prefrrvcs 
its   heat  as  long  as  on  ordinary  occafions*     May 
not  this   therefore  be  accounted  for  by  fiippofing 
that  fri(5tion  does  not  leave  the  body  after  it  ceafes  in 
the  fame  (late  as  at  fird  ? 

If  the  heat  produced  on  mixing  fluids  depended 
on  the  fridion  which  takes  place  in  confequence  of 
tte  attHadlion  which  fubfifls  between  the  particles, 
and  which  difpofes  them  to  run  towards  each  other 
with  an  accelerated  motion,  we  (hould  expeftthat 
no  change  would  be  produced  in  the  body,  unlefs 
(he  fridion  was  fo  violent  as  to  alter  th^  figure  of 
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VDc  jmcjcm  of  3c  bjcjr,  a  oMfa^miiec  of  vhid^ 
oe  oiAlnis  or  nis  oiutpomid  ihookl  not  be  a  meani 

jqpidaK.  Tliit  is  not  /iip- 
i  ior  'Ac  mixtuic  of  acid  of 
JO  poflds  qualities  cxz&ly 
and  vaccr  before  mixture^ 
s  coQCcraad.  Examined  as 
C3&Iibes  are  ib  dificienr^  that 
z^L  ^OEs  srr  acck5enral  joftling  of  the 
pynrV^  rci  d^'i  bc  ovi."^  to  fcoic  ptfmanent 
frargc  12  ibdr  {incoerrks.  Befidcs  a  compound 
cxfa^ij  £n:r.ar  ia  cicxr  idpea  to  an  add  and  water^ 
leaf  bc  pcDcjced  br  as  arid,  and  fnow  or  icc;  yet 
ia  :h:5  czie,  ihf  union  cf  the  ingredients  is  not 
arrrsiieu  wi:h  hex: ;  en  :hc  conirm-,  ihejr  become 
colder  zLkn  before  miArure.  To  account  for  this, 
ve  cuT:  (Iippofc  cither  that  the  attradion  which 
difpoies  them  to  unite  is  changed  to  repuliion,  or  to 
fcmeching  oppoute  at  leall  to  attraction.  But  what 
fhali  wc  fubftirure  in  place  of  the  vibratory  motion 
which  produced  heat  when  acid  and  water  are  mixed? 
There  is  nothing  oppofue  to  motion  but  reft.  So 
that  this  doc'trine^/uppofes  that  reft  which  in  one 
cafe  is  neither  difpofed  to  produce  heat  nor  cold, 
in  another^  becomes  a^ftive  in  producing  cokU  At 
the  fame  time,  we  fee  no  appearance  of  repulfion 
between  the  particles  of  the  ice  and  acid  when  cold 
h  produced ;  on  the  contrary,  fo  far  as  we  can  judge 
from  appearances,  the  union  is  completed  as  foon 
when  cold  as  wlien  heat  is  produced. 
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"be  ftfiond  account  is,  thai  thofe  bodies  which  in 
nufure  prodifce  heut,  contain  a  quantity  of  lire  in 
tb^.in«  Afvl  to  this  is  owing  the  hiHing  nuife  uhcn  they 
«):,c  misccd  wiib  water,  and  the  heat  which  ihcy  produce 
wilh  ii.  Lcracry.  in  his  Chcmijiry,  was  the  fitft  wli(> 
propofcd  this  doiftrine,  ^d  it  was  gener«Ily  roceivcd 
by  ihc  French  chcmifts.  He  faid  that  the  acid  had 
Hiriod  Qvcr  this  fire  with  it  in  diHillation.  that  the 
acid  particles  were  confined  in  it  till  fet  loofe  by 
thcwaicr,  when  they  fcparatcd  with  violence,  aful 
appwrcd  in  the  ordinary  form  of  fire,  incapable  of 
cfttifincnncnc.  No  proof  is  given  of  thisdoftrinc; 
and  vhmthe  author  obierves  as  an  objctfiioB  to  hi^ 
thcojj',  ihat  fome  may  deny  that  there  is  any  fire  in 
ihe  acid,  the  anfwer  that  he  gives  is,  that  it  is  very 
probable  that  there  is  fire  in  the  add  ;  and  befidcs 
wicliout  this  fire  it  is  impodible  to  account  for  the 
cprroCve  qualities  of  the  acid  as  well  as  its  power  ctf 
producing  heat  with  water.  This  doftrinc,  which 
J-emciy  publiflied  in  1687,  M.  Beaume,  in  his  EU- 
utttf  4t  Cktmic,  has  lately  propofed  as  new,  and 
begs  that  its  novelty  may  be  no  objection  to  its  being 
received;  and  particularly  infifls  that  the  opinion 
iwyl»(;  aUowcd  Kim,  tliough  he  cannot  explain  bow 
thic  union  of  fire  and  acid  is  effciflcd.  He  is  not 
however  without  hopes  that  in  time  he  will  be  able 
to  dctcnninc  the  exadl  quantity  of  fire  which  vitri- 
olic a^id,  as_  well  as  the  reft  corjwins.  He  cxprcfiea 
U)c  JlCVitAon  of  (Uts  &K  iq  vi^ri^lic  acid  by  the  term 


«W    HEAT    PHODCCED   BY    itiXTVftt. 

"  feu  hgcremenl  bridf"  and  when  fcC  looft  by  the 
^■atcr  added  to  it,  he  calls  it  "feu  pur  et  i/oJe." 
No  experiment  is  brought  in  fupport  of  this  doc- 
trine. The  exiftencc  of  fire  in  this  ftate  is  not 
proved.  By  fo  large  a  porlion  of  fire  efcaping,  wc 
fliould  cicpeifl  great  alterations  in  the  qualities  of  the 
fubftnnccs.  Bcfidcs,  water  feems  to  be  but  ill  cal- 
culated for  breaking  thefc  bonds  which  conncA  fire 
and  the  acid  ;  for  water,  to  do  this,  fhould  have  a  rc- 
pulfion  to  fire :  on  the  contrary,  heat  is  attratfled  by 
water  with  great  force.  If  this  bridle  weredeftroycd 
by  the  water,  the  greater  its  quantity  the  more  heat 
ftiould  be  produced,  which  is  not  confirmed  by  expe- 
riment. Befidcs,  the  fame  compound  is  produced 
by  adding  ro  an  dunce  of  vitriolic  acid  eight  ounces 
of  ice,  that  is  produced  by  adding  eight  ounces  of 
Mater ;  yet  the  one  produces  cold,  and  the  other 
heat.  All  the  particles  of  fire  which  the  acid  coru 
tained  when  ice  js  ufed  (hould  be  retained  in  ihe 
mixture,  while  a  part  is  diffipated,  when  water  is 
employed  :  this  (hould  occafion  a  difference  in  ihc 
qualities  of  the  two  compounds,  which  experiment 
does  not  fupport. 

This  however  may  be  accounted  for  in  the  man-r 
ner  of  thefe  chemifts,  and  equally  philofophically, 
by  faying  that  in  ice  there  is  a  quantity  of  fnid 
iride,  which  deftroys  the  fat  hride  of  the  vitriolic 
acid.  This  is  exadlly  fimilar  to  thofe  authors  who, 
to  account  for  darkncfs,  imagined  there  were  certairi 
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ftars  which  rayed  out  darknefs  in  the  fame  manncjr  ai 
others  ray  ouc  light. 

The  reafon  \vhy  heat  is  produced  by  mixing  flukb. 
ieems  to  be,  that  the  ingredients  which  conipofe  t^ie 
mixed  fluid  are  in  a  ditferent  (late  with  regard  to 
Acat  irom  what  they  were  before.  It  would  feem 
that  whatever  is  the  caufe  of  heat,  it  has  a  greater 
efTedl  in  heating  the  bodies  after  the  mixture  than 
it  ought  to  have  had  in  proportion  to  its  power 
of  heatjog  the  ingredients  before  mixture.  Two 
bodies,  which  being  mixed  have  produced  heat,  are 
for  ever  after  this  much  more  eafily  heated  and 
cooled,  jthao  we  ibould  have  been  led  to  expe<fl  from 
the  properties  of  the  ingredients  before  mixture. 
Thus  a  mixture  of  acid  of  vitriol  and  water  whea 
iet  before  a  large  lire,  becomes  as  hot  as  the  fire  can 
make  it  in  a  lefs  time  than  in  proportion  to  the  in-* 
grcdients.  Vitriolic  acid  in  a  phial^  and  an  equal 
bulk  of  water  in  a  fimilar  phial,  being  fet  before  a 
fire^  fo  that  the  fire  (hall  adt  equally  on  them,  the 
vitriolic  acid  will  be  heated  as  hot  as  the  fjre  can  mal^e 
it  in  lefs  than  one  half  the  time  the  water  will  be, 
though  at  lafl  both  will  be  equally  hot.  One  of 
thefe  phials  filled  with  a  mixture  of  equal  parts  of 
acid  and  water,  anc}  placed  in  the  fame  circumftances, 
Aiould  require  longer  time  to  heat  than  the  phial  with 
acid,  and  lefs  than  that  with  water^  and  the  time  it 
takes  fhould  be  as  much]  more  than  the  acid  took, 
i^s  it  is  lefs  than  the  water  took,   Thia  by  expeiuqenc 
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is  not  the  cafe.  The  time  which  it  takes  is  much 
Icf»  than  in  this  proportion,  and  its  heating  or  cool- 
ing is  nearer  the  property  of  the  acid  than  that  of 
ihc  water.  From  this  it  appears  that  when  heat  is 
applied  to  the  acid  and  water  after  mixture,  it  either 
produces  a  greater  cfTcdl  on  this  than  it  did  on  the 
fime  matter  when  the  bodies  were  fcparate,  or  that 
the  bodies  when  mixed  attraft  heat  with  more  force 
in  (he  mixed  ftate,  fo  that  by  running  with  more 
velocity,  lefs  time  is  required  for  the  nceefiary  quan- 
tity to  go  in. 

The  firft  of  thefc  is  the  cafe  as  appears  from  the 
following  experiments  :  mix  vitriolic  acid  and  water 
in  equal  parts;  call  this  the  mixture.  Take  three 
Vefleis  of  equal  fizc  and  like  ftiapcs,  and  into  the  firft 
put  a  quantity  of  vitriolic  acid ;  into  the  fccond  an 
equal  quantity  of  water ;  and  into  the  third  an  equal 
quantity  of  the  mixture.  Let  the  three  vefleis  with 
(heir  contents  be  heated  to  the  fame  degree,  fo  that 
ill  of  [hem  may  be  i op"  hotter  than  a  quantity  of 
glafs  dry  and  in  powder.  Throw  into  each  of  thefe 
vcffcls  fl  quantity  of  the  cold  glafs,  till  each  be- 
comes fifty  degrees  colder  than  it  was,  while  the  gJafi 
added  becomes  fifty  degrees  warmer.  The  quantity 
of  glafs  ncceflary  for  this  purpofc  will  be  propor- 
tional to  the  quantities  of  the  caufe  of  heat  ncceflary 
to  heat  each  of  thefe  bodies  fifty  degrees,  or  the 
fame  quantity  of  the  fubftance,  which  is  the  caufe 
pf  heat,  •pplicd  to  the  fanic  quantity  of  glaft  wil 
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produce  the  fame  cffrft,  and  a  Icfs  quantity  of  hwt 
will  be  neccflary  to  heat  a  fmall  quantity  of  glafs 
than  a  great  one.     Hence  the  caufe  of  heat  has  a 
greater  effect  in  producing  heat  when  applied  to  the 
matter  of  vitriolic  acid,  than  when  applied  to  water 
in  the  proportion  of  the  quantities  of  glafs.     For 
three  pounds  of  glafs  have  as  much  power  in  cooling 
a  quantity  of  acid  of  vitriol  as  five  poundi  have  on  an 
equal  quantity  of  water.     But  the  ellccls  which  the 
caufe  of  heat  produced  on  the  two  bodies  are  equal ; 
therefore  the  quantity  of  that  caufe  is  as  the  quantity 
of  glafs  heated  by  the  fifty  degrees  loft  by  the  warer» 
to  the  quantity  of  glafs  heated  by  the  fifty  degrees 
which  the  vitriolic  acid  loft,  or  as  5  :  3,    If  the  acid 
and  water,  when  mixed,  were  difpofcd  to  be  equally 
aifedted   by  the  caufe  of  heat  as  they  were  difpofed 
before  mixture,  then  a  mixture  of  equal  parts  of  acid 
and  water  heated  an  hundred  degrees  hotter  than  the 
glafs,  and  taken  in  the  fame  quantity,  and  in  the 
icveflel.  ftiould  require  four  pounds  of  glafs  to 
il  it  fifty  degrees.     It  will  be  found  by  experiment 
tiiat  three  pounds  and  a  half  will  be  fufficient  for  this 
purpofe ;  hence  the  mixture  is  more  eafily  cooled 
fifty  degrees  than  it  ftioutd  be  in  proportion  to  its  iff. 
gredients,  and  that  in  the  ratio  of  4  to  34-,  and  the 
heatwhich  is  loft  had  a  lefs  power  of  heating  thanit 
ought,  becaufc  thefe  fifty  degrees  inftead  of  heating 
four  pounds  of  glafs,  as  they  ftiould  have  done,  50", 
tented  three  and  a  half  pounds  Co  the  fame 
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point.  Hence  there  is  lefs  of  the  caufe  of  heat  in 
the  50*  which  the  mixture  loft,  than  there  would 
have  been  had  the  mixture  prefcrvcd  the  qualities  of 
the  ingredients.  Afid  for  the  fame  reafon  that  there 
is  lefs  of  the  caufe  of  heat  employed  in  the  50°  than 
there  ought  to  have  been,  there  will  be  lefs  of  it  em- 
ployed in  500  or  5000  degrees.  From  this  it  feema 
realbnable  to  conclude,  that  whatever  is  the  caufe  of 
heat,  it  is  capable  of  producing  a  greater  ctTcdt  in 
heating  the  mixture  than  it  ought  in  proportion  to 
the  ingredients.  The  acid  and  water  before  mix- 
Turc  contain  fuch  a  quantity  of  the  caufe  of  heat  as 
is  fufficient  to  produce  all  the  heat  in  them  from:the 
loweft  degree  of  heat  to  the  degree  at  which  the/ 
are  mixed.  The  moment  that  the  mixture  is  made, 
the  body  is  fo  changed,  that  the  fame  quantity  of  the 
fubftancc  which  is  the  caufe  of  heat  is  capable  of 
producing  upon  the  fame  quantity  of  matter  a  greater 
cfl'ctfl  than  before,  and  this  in  the  proportion  of  j-J- 1(> 
four,  or  as  7  :  8.  Whatever  efled  therefore  it  would 
produce  before  mixture,  it  will  after  mixture  prOr 
duce  one-fevcnth  more.  Hence,  if  the  two  fub- 
flances  before  they  were  mi^fcd  contained  fuch  a 
quantity  of  the  caufe  of  heat  as  is  fufficient  to  pro- 
duce when  they  are  at  32"  of  Fahrenheit,  an  efFe<ft 
equal  tp  fevcn  times  the  difference  between  the  heat 
of  frofl:  and  that  of  boiling  water,  or  feven  times 
180",  after  mixture,  it  will  produce  eight  times  this 
difference,  or  eight  times  1 80*.     The  two  fubftance^ 
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Ihcfrefore,*  though  as  cold  as  froft  before  mixture^  wilf 
be  as  hot  a»  boiling  water  after  it. 

If  the  proportions  of  acid  and  water  be  difieirnt 
from  that:  df  equality,  the  quantity  of  heat  produced 
will  be  different.  Thus  one  part  of  vitriolic  sicid  mixed 
with  eight  parts  of  water  becomes  only  26^  warm- 
cr«  whereste  from  what  happens  when  equal  part^  ate 
liiixedj  a  gobd  deal  more  ought  to  have  been  pro« 
duced.  From  which  it  fhould  follow,  that  the  cauft 
of  heat  doe&  not  produce  an  tStd:  (b  much  more  in 
proportion  to  the  ingredients,  when  the  proportion! 
2^re  as  1 :  8,  -as  when  the  acid  and  water  are  mixed  in 
equal  quantities.  And  this  (eems  to  be  proved  by 
mixing  this  compound  of  acid  and  water  in  the  pro- 
portion of  i  to  8  with  more  acid ;  when  we  (hall  find 
that  the  whole,  though  as  cold  as  the  air  before 
Ihixture,  bccbmes  exc^eedingly  hot  after  it,  but  not 
fo  much'fo  as  if  this  quantity  of  acid  had  beeil 
fxiixed  with  an  equal  quantity  of  pure  water.  If 
the  fubftance  which  is  the  caufe  of  heat,  inflead  of 
producing  a  greater  effed:  in  heating  the  mixttircr 
than  it  ought  to  have  done,  in  proportion  to  its  power 
of  heating  the  ingredients  before  mixture^  had  not 
been  able  to  heat  it  fo  much  as  it  ought  to  have 
done,  and  this  by  an  oppofite  change  in  the  bodies  % 
then,  upon  being  mixed,  the  whole  would  have  be- 
come colder  than  the  ingredients  were  before  mix- 
ture, and  cold  inftcad  of  heat  would  have  been  pro- 
duced.    Thus  if  the  caufe  of  heat,  inftead  of  pro- 
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ducing  a  greater  effofl  in  the  mixtore  than  it  ouj 
to  have  done  in  proportion  to  its  pover  of  heating 
the  ingredients,  and  this  in  the  ratio  of  7:  8,  fhould 
produce  a  lefs  cficiS  in  the  proponion  of  8 :  7,  then 
tbecaufe  of  heat  which  was  capable  of  heating  the 
ingredients  before  mixture,  from  the  loweft  degrceof 
heat  to  that  at  which  they  were  mixed,  would.afterthe 
mixture,  have  prodnced  lefs  by  one-eighth  part,  and 
one-eighth  part  of  the  heat  in  the  body  would  difap- 
pcar  upon  mixture.  If  the  two  bodies,  whcrt  mixed, 
were  as  hot  as  boiling  water,  and  the  whole  effe«5t  of 
(he  caufe  of  heal  equal  to  eight  times  the  interval 
between  the  freezing  and  the  cooHng  points  of  water, 
the  bodies,  after  mixture,  fhould  immediately  be- 
eomeas  cold  as  froft,  or  r  80^  of  heat  would  difa^pair 
from  the  body. 

1  do  not  at  prcfent  recollect  any  mftancc  of  thift 
happening  in  nature,  where  two  fluids,  on  bring 
imixcd,  become  colder,  unlefs  perhaps  the  folution 
of  certain  oils  in  fpirits  of  wine  be  of  that  kind. 
But  wc  have  many  inflances  of  it,  when  folids  are 
diflnlvcd  by  fluids,  as  in  the  folution  of  falts  in 
water,  during  which,  except  in  one  or  two  inftanccs. 
the  heat  after  mixture  is  lefs  than  before  mixture. 
If  the  preceding  account  is  well  founded,  thb 
fliould  be  owing  to  the  caufe  of  heat  having  a  left 
eftcfl  on  the  fame  quantity  of  matter  after  mixture 
than  it  had  on  the  bodies  before.  Something  of  this 
kind  Iroqucmly  happcna  independently  of  mi;[ture. 
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ifrhen  the  fame  body  is  in  a  folid  or  in  a  fluid  (liitc; 
as  in  ice  and  water,  folid  fpcrmacctit  and  melted 
fpennaceti ;  lead  in  a  folid  and  lead  in  a  Huid  ftate, 
and  the  like,  in  all  of  which,  the  fubflancc  which  is 
the  caufe  of  heat  has  a  greater  effecfl  in  producing 
heat  upon  the  folid  than  it  has  upon  an  equal  quan- 
tity of  the  corrcfponding  fluid.  If  the  folid  be- 
comes inftantly  fluid,  the  fubflance  which  is  the  caufe 
of  heat  produces  a  lefs  effetSt,  and  the  fluid  becomes 
colder  than  the  folid  body  before  this  change  took 
place.  And  in  the  fame  manner,  if  the  body  is 
fluid  and  is  inflamly  made  folid,  the  fubAance 
which  is  the  caufe  of  heat  is  capable  of  producing  a 
greater  cfleift  than  it  did  before,  and  the  folid  be- 
comes hotter  than  the  fluid  was  before  the  change 
of  form  wascfFeiftcd.  This  is  confirmed  by  experi- 
ments on  ice  and  water.  When  ice  is  mixed  with 
an  acid,  the  ice  melt«,  and  a  compound  of  the  fame 
proportions  is  produced,  as  the  fame  acid  and  water 
would  have  done.  But  the  acid  and  ice  become 
colder  after  than  they  were  before  mixture;  the  acid 
and  water  become  hotter.  This  may  be  accounted 
for  in  the  following  manner: 

The  fubflance  which  is  the  caufe  of  heat  has  a 
greater  effed  in  producing  heat  in  the  mixture  of 
«cid  and  water  than  it  Ihould  have  upon  thcfe  bodies 
in  a  feparace  Hate,  as  has  been  frcqucndy  obfcrved. 
But  there  is  not  fo  great  a  dificrcnce  in  this  /cfpedt 
tfwccn  the  mixiufe,   and  the  ingredient!  be&rc 
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mixture,  as  there  is  between  ice  and  water.  So  that 
the  caufe  of  heat,  though  in  acid  and  water  it  pro-* 
duces  a  greater  eftcd  rhaji  it  ou^ht  to  do  in  pro- 
portion to  the  ingredients,  in  the  mixture  ot  ice  and 
acid,  may  produce  a  lefs  ctfci2  than  it  ought  to  do. 
The  fame  quantity  of  the  caufe  of  heat  contain- 
ed in  the  bodies  before  mixing,  will  make  the 
one  mixture  hotter  than  the  ingredients  were  be- 
fore, and  the  other  colder.  This  gives  the  reafon, 
why  water  at  32  mixed  with  nitrous  acid  at  32, 
produces  heat,  and  why  ice  at  ja  and  nitrous  acid 
at  32,  produce  coid. 

If,  when  the  acid  and  water  are  mixed  in  one  pro- 
portion, the  caufe  of  heat  produces  a  greater  effeft 
than  the  diflcrence  there  is  in  this  rcfpcift  between 
ice  and  water;  and  when  they  are  mixed  in  a  dif- 
ferent proportion,  produces  a  fmalier  effeift  than  the 
difference   between  ice  and  water ;     then  ice  and 
ncid  mixed  in  the  fir(V  proportion  will  produce  heat, 
and  when  mixed  in  the  laft  they  will  produce  cold. 
This  fcems  to  be  the  cafe  with  vitriolic  acid  and  ice. 
£qual  parts  of  ice  at  32,  and   oil  of  vitriol  at   3a 
become  hotter,  bccaufc   the  fubrtance  which  is  the    _ 
caufe  of  heat  produces  a  greater  cPfc£t  on  the  inlx-  -■ 
lure  than  it  ought  to  have  done    in  proportion    to  " 
the  ingredients.     When  ihcy  arc  mixed  in  the  ratio 
of  one  part  of  acid  to  eight  of  ice.  the  mixture  is 
colder,   bccaufc  the  caufe  of  heat  produces  a  left     . 
cftc^  than  in  proportion  to  the  ingredients.     1 
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change  in  the  firft  cafe  is  greater  than  the  difference 
betwixt  ice  and  water^  and  in  the  lad  cafe  it  is  lefs; 
Thus^  if  the  effed  tvhich  the  fame  quantity  of  the* 
caufe  of  heat  produces  on  the  ingredients  be  to  that 
which  it  produces  in  tht  mixture  of  equal  parts  of 
the  two  fubftances^  as  7:8;  while  the  effed: 
which  the  fame  quantity  of  the  caufe  of  heat  pro* 
duces  on  water  is  to  that  which  it  produces  on  ice 
as  9  :  io«  then  the  difference  of  thofe  ratios  will 
exprefs  the  efFed  which  the  fame  quantity  of  the 
caufe  of  heat  will  produce  on  the  mixture  of  ice  and 
acid  different  from  what  it  (hould  have  produced  in 
proportion  to  the  ingredients ;  and  will  be  expreflfed 

by  the  ratio  of-}-  divided  by  7V  ^^  -H'  ^^^^  ^^>  ^  35^ 
:  36  inftead  of  7  :  8.  So  that  lefs  heat  will  be. 
produced  in  this  cafe  than  if  water  had  been  ufed* 
But  dill  iV  of  the  whole  heat  in  the  bodies  at  the 
time  they  are  mixed  will  be  produced.  Again,  if 
the  effed:  which  the  fame  quantity  of  the  caufe  of 
heat  produces  in  the  mixture  of  one  part  of  acid 
with  eight  of  water  be  greater  than  what  it  ought 
to  have  been  in  proportion  to  the  ingredients^  as 
10  :  II;  while  the  effecl  in  water  and  in  ice  is  as 
9  :  10,  the  difierenceof  thofe  ratios  will  exprefs 
the  efFed  which  the  fame  quantity  of  the  caufe  of 
heat  will  produce  in  the  mixture  of  ice  and  acid 
from  what  it  would  have  produced  in  the  mixture 
of  acid  and  water^  and  will  be  ,4-f  divided  by  ^  or 
^.    The  fame  quantity  of  the  cauli  of  heat  will 


and  ac^" 


as     09   MEAT  PaODOCED  BT  MIXtDRKi 


produce  a  lefs  cffed  in  the  mixturr  of  ice  and  ; 
in  the  proportion  of  lOO  :  99,  or  one  hundredth  part 
of  the  heat  contained  in  the  ice  and  acid  before  mix- 
ture will  difappcar  after  it.  Or  it  may  be  conceived 
thus;  the  quantity  et  the  caufe  of  heat  in  water  at 
32  is  10  the  quantity  of  the  caufe  of  heat  in  ice  ac 
32  u  10  :  9.  If  the  ice  was  inftanily  to  become 
water,  one-tenth  part  of  the  eSc^  of  this  caufe  would 
difappcar,  or  one-lcnth  of  the  heat  in  the  ice  would 
difappcar  uhcn  it  became  water.  If  to  che  water 
thus  cooled  an  equal  quantity  of  vitriolic  acid  bo 
added,  the  effcd  of  the  caufe  of  heat  would  be  in- 
Created  in  the  proportion  of  7  :  8,  or  the  whole 
would  become  hotter  by  one-fcventh  of  the  heat  in 
it.  Now  aj  the  heating  caufe  one-feventh  is  greater 
than  the  cooling  caufe  one-tenth  a  quantity  of  heat 
equal  to  this  difference  will  be  produced. 

And  that  fomething  of  this  kind  happens,  feemi 
evident  J  becaufe  when  eight  parts  of  ice  at  32»  ire 
mixed  with  one  pare  of  vitriolic  acid  at  32%  the 
whole  becomes  immediately  4^"  colder.  And  if  ta 
this  mixture  a  quantity  of  more  acid  be  added,  ih« 
whole  becomes  hotter  by  many  degrees.  The  num- 
ber* which  1  have  ufcd  are  not  cxadly  thofe  given 
by  experiment,  becaufe  I  wanted  to  a\'oid  large 
numbers  or  fradlions,  which  would  have  embar- 
lafled  a  detail  fufficiently  perplexed  naturally. 
Thofc  i  have  employed  are  the  ncurcft  integers  10  1 
the  real  numbers.  ,|l 
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Some  apolt^y  may  be  thought  neccfiary  for  cn- 
terii^  fo  minutely  into  the  fubjeiS,  and  ufit^raanyj 
more  illuftrations  than  were  eflential.  The  only  one 
I  have  to  offer  is  thai  I  found  it  impofTiblc  to  ex- 
plain myfclf  clearly  othcrwifc,  and  after  all  1  may 
have  failed  in  this  refpedt.  I  would  willingly  nin 
the  -ifk  of  being  fometimes  thought  prolix,  wcte  i 
fure  of  being  peripicuous. 

I  have  ufcd  the  term  caufc  of  heat  rather  than 
latent  heat,  or  any  other  term  in  deference  to  the 
opinion  of  tbofe  phitolbphers  who  conceiving  heac 
to  be  quality,  conceive  latent  heat  to  be  a  latent 
quality,  and  that  a  latent  quality  is  no  quality  at  all. 
1  have  ufed  the  term  caufe  of  heat,  though  I  do  not 
know  what  that  caufe  is.  It  furcly,  however,  has  a 
caufe,  and  whatever  this  may  be,  it  cannot  be  fubjeft 
to  its  own  effefl.  Ail  that  we  know  is,  that  this 
caufe  produces  different  eBe<5ls  in  heating  different 
bodies.  It  produces  a.  greater  effeft  on  mercury 
than  on  water  in  the  proportion  of  two  to  one,  when 
equal  bulks  are  taken,  and  a  greater  efFed  on  glafs 
than  water  in  tfie  proportion  of  five  to  one,  if  there 
is  any  truth  in  the  experiments  which  I  have  made. 
It  appears  that  it  produces  different  effects  even  on 
the  fame  fubftance  in  different  forms.  It  does  nor 
produce  cffeds  in  proportion  to  the  quantity  of 
matter  in  bodies,  fince  if  this  were  the  cafe  it  fhould 
produce  when  applied  to  equal  bulks  of  mercury 
ter,  only  -Jy  pan  on  the  mercury  which  it 


does  on  the  water;  whereas  by  experiment  it  prd^" 
duces  on  equal  quantities  of  matter  of  the  two  bo- 
dies 18  times  as  much  upon  the  mercury  as  it  docs 
on  the  water.  In  this  refpcfl  it  is  very  different 
from  the  fubftance  which  is  the  caufe  of  gravity, 
■which  aifls  equally  on  equal  quantiiics  of  matter. 
So  that  the  gravity  of  the  whole  earih  depends  on 
the  eft'cift  of  this  caufe  afting  on  every  particle  of  ti 
in  proportion  to  its  quantity  of  matter.  In  confc- 
quence  of  which  the  power*  by  which  one  heavy 
body  attracts  another,  diminiflies  as  the  fquares  of 
the  diftance  incrcafe.  How  the  caufe  of  heat  which 
affeds  equal  quantities  of  matter  dilferentiy,  lliould 
in  a  number  of  bodies  equally  heated  have  the 
power  of  heating  bodies  at  a  diftance  which  dimi- 
niflies in  the  fame  proportion,  I  do  not  know.  lam 
equally  ignorant  whether  the  heat  produced  in  thofc 
mixtures,  where  bodies  are  inflamed  and  confumcd, 
and  never  capable  of  exhibiting  the  fame  appearances 
again,  be  owing  to  the  caufe  which  I  have  juft 
«ffigned.  It  h  very  difficult  to  contrive  experiments 
that  will  fhew  whether  or  not  this  is  the  cafe. 
There  arc  even  fome  experiments  on  the  heat  pro- 
duced by  mixing  fluids  that  are  not  deftroyed, 
which  it  is  difficult  to  underftand  according  to  our 
theory.  Whether  thcfe  depend  on  fome  accidental 
circumftances,  or  fome  other  property  of  heat,  mull 
be  left  till  experiments  have  furnifhed  a  fufficient 
number  of  iiCti  of  this  kindi.    Whether  the  fub- 
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OH  TUE  EFFECTS  OF  HEAT  AND  COLO 
ON  ANIMAL  BODIES. 

Bead  A.  D.  1760. 


jThi  bodies  of  all  animals  confift  of  folid  and 
fluid  parts.     The  folid  parts  contain  a  number  of 
veflels  ramified  to  an  amazing  minutenefs  through 
all  the  parts  of  the  animal  body.     In  thefe  the  fluid 
parts  are  contained^  and  are  conflantly  circulating 
through  them  with  great  rapidity.    The  mechanifm 
by  means  of  which  this  is  performed  I  had  occafion 
to  take  notice  of  in  a  former  eflay^  where  I  obferved 
that  though  this  was  one  of  the  molt  important 
parts  of  the  animal  economy^  yet  it  was  found  by 
difledion^    that  it  was  ytry  difitrent    in  difl'erenC 
animals.    The  motion  of  the  fluid  in  thefe  veflela 
depends  ultimately  upon  the  nerves^  and  according 
(9  their  greater  or  le&  degree  of  fenfibility  this  cir- 
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^H  culalion  uill  be  fafl  or  flow.  But  though  in  all< 
^"  animals  ihc  influence  of  the  nerves  on  the  heart  and 
arteries  is  the  principal  caufe  of  the  motion  of  the 
fluids  contained  in  thefc  veffels,  yet  this  may  be 
greatly  effected  by  other  caufes,  as  heat  or  putre- 
fadlion.  Every  alteration  in  the  confidence  of  an 
animal  Ruid  muft  ail'eifl:  its  motion  in  the  animal 
body.  If  the  confiftcnceis  diminilhcd,  or  the  fluid 
rendered  thinner,  the  fame  nervous  influence  %vill 
produce  a  quicker  motion.  If  the  fluid  i»  by  any 
means  rendercdof  a  thicker  confiftcnce,  everything 
clfe  being  unaltered,  this  motion  will  be  flower. 
The  alteration  in  the  confiftencc  of  animal  fluid 
depe:ids  chiefly  on  the  degree  of  heat,  though  in 
fome  nieafure  alfo  on  other  circumflances.  If  the 
heat  is  greatly  dimininicd,  all  the  animal  fluids  will 
alTunie  n  fplid  form,  i;i  which  cafe  their  motion 
muft  immediately  ccafe.  If  the  heat  is  confidcrably 
incieafed,  they  cither  become  too  thin,  and  confc- 
quently  move  %vith  too  much  rapidity,  or  they  un- 
dergo a  change  fimilar  to  that  produf^  by  cold. 
Any  great  alteration  of  heat,  therefore,  muft  pro- 
duce great  alterations  in  the  motion  qf  the  fluids 
contained  in  the  vafcular  parts  of  an  animal  body. 
The  blood,  which  in  moft  animals  is  of  a  red  co- 
lour, is  ihe  moft  important  of  all  the  fluids,  and  is 
of  the  greateft  confequencc,  as  from  it  all  the  other 
fluids  of  an  animal  are  fcparated,  and  how  different 
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ih'the  btobdi  dr  were  produced  from  it  bf  a  finalt 
4ltora^il  in  tKe  arrangctnent^of  its  prindples. 

The  blood  of  all  animals  that  have  been  exanftined 
SSSntistto  dfVidc?  idelf  into  three  principle.  When 
H  19  affto^Mj  after  bdng  feparated  from  the  body 
dT  thtf  anitnal  to  cooli  ufndifftirbed  in  the  open 
sfir,  iif  rfefoTVes'  itielf  into  a  watery  liquor/  arid  af 
Aiel^  HV^r-Iikc  fubftance  of  a-  red  coloiir,  ^ich' 
upteh*  bc!Hg  ^(hcd  becomes  \trhite,  the  coloiiring^ 
amtV  bcffig  fepafatcd'  by  the  water.  The  blood' 
cahnbt  be?  again  fbhntd  by  uniting  thefe  fubftanccs^ 
tk^ther.-  The  coagulorri  of  the  blood  will  noC 
a^m  ditifoFveiri  the  'watery  part;  though  it  is  hektcd* 
to  the  fame  degree  as  the  body  of  the  animal. 

Tfie'watcry  part  of  the  blood,  or,  as  it  is  gene- 
Mty  Ciallfed,  the  ftrum,  upon  being  expofed  to  a 
modferate  degree  of  heat,  confiderably  below  that' 
cfTSorfihg-' water,  coagulates,  or  bccorties  folid,  anff 
Mv^T  after  cart  be  made  to  aflume  a  fluid  form.  If* 
the  fcrum  is  expofed  to  a  frofty  air,  it  becomes  folid' 
it  25*  of  FaHrenhcit.  The  blood  of  all  animals^ 
However,  dots  not  fVeew  at  the  fafn^  degree ;  for 
though  that  of  the  ifiore  perfeA  animals  free:tes  at^ 
i'5*,  the  blood  of  fome  of  the  infeft  tribe  remains 
fluid  ait  4*,  or*  even  lower  than  this.  Therefore  the 
tildod  of  mbft  animals  can  never  fuffer  an  alteration' 
ill  Keat  equal  to  this,  without  being  rendered  totally' 
litifit  fbr  circulating  through  the  blood  veflcls* 
And'  cdhfequehtly,  no  animal  body  can  be  heated 
tKfilbagthiy  16  156*,  arid  feW  co61cd  td  i^i  wiflxdul' 
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having  their  circulation  ftopt,  though  nothing  (houltl 
in  this  cafe  be  afFcdcd  but  the  fluidity  of  thar 
blood.  ^ 

In  order  to  prevent  the  inconvenience,  whiclr 
would  be  frequently  in  danger  of  happening  from  too 
great  a  degree  of  heat  or  cold,  nature  has  endowed 
many  animals  with  a  pouer  of  maintaining  a  certain 
equal  degree  of  heat,  nearly  a  medium  between  the 
two  degrees,  at  which  the  blood  would  lofc  its  flu- 
idity. The  animals  that  have  not  this  power  in  any 
remarkable  degree  arc  placed  in  fuch  circumftanccs, 
as  to  be  in  no  danger  of  fiiffering  cither  by  too 
great  a  degree  of  heat,  or  too  great  a  degree  of 
cold. 

Animals,  therefore,  are  divided  into  hot  and  cokJ. 
Thofc  animals  being  called  hot  whofe  heat  is  ne»r 
our  own  temperature,  while  all  the  reft  are  rec- 
koned cold,  whofe  heat  is  much  below  ours,  and 
which  confequently  afltd  us  with  a  fenfation  of 
cold.  It  appears,  however,  from  a  vaft  number 
of  experiments,  that  even  ihofe  animab,  which  to 
us  feel  cold,  have  blood  fomewbat  warmer  tl 
the  medium  in  which  ihey  live. 

Haller  obferves,  that  all  the  animals,  whofe  blood 
is  confiderably  warmer  than  the  furroundingmedium, 
have  lungs  like  the  human  lungs,  their  hearts  have 
two  ventricles,  they  have  a  double  circulation,  and 
they  require  freth  air  like  inflammable  bodies  on 
lire.     0(  this  kind  arc  the  quadrupeds  and  birds, 

.  ihe  filbn  called  cetaceous,  as  tbc   whale  and 
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pU5>     The  heat  ofthefe  animaU  is  from  96  to 


s  among  t 


s  lowefl:  of  the  hot  animals 
a  healthy  Rate  his  heat  if 
between  96  and  98.  The  common  quadrupedi 
as  fhcep,  dogs,  cats,  oxen,  raifc  a  ihennomctcr  ap. 
plied  to  ihcir  fltins  four  or  five  degrees  higher,  to 
103°  ot  a  little  more.  The  whale  raifes  the  ther- 
mometer about  lOi*  or  loa*.-  the  heat  of  the 
porpus  is  102,  of  the  fca  calf  likewife  102-  In 
thefe  aquatic  animals,  as  well  as  in  the  ordinary 
quadrupeds,  the  heat  of  the  (kin  is  generally  a  degree 
or  two  below  that  of  the  more  internal  parts. 

As  the  ftruifhirc  of  the  lungs  and  vifccra  has  a 
remarkable  refemblancc  in  thcfe  animals,  fo  we 
find  a  refcmblance  in  their  heat.  All  the  bird  kind 
are  very  warm  ;  thty  are  among  the  warmefl:  of  the 
hot  animals,  and  are  generally  honer  by  three  or 
four  degrees  than  the  animals  jull:  mentioned. 
Ducks,  gcefe,  hens,  pigeons,  partridges,  fwallows, 
&c.  with  the  butb  of  a  thermometer  in  their  groin, 
raifc  the  mercury  to  103'',  104%  105".  106",  107°, 
and  a  hen  hatching  eggs  to  108".  We  do  not  find 
chat  the  heat  of  any  animal  we  are  acquainted  with 
ever  exceeds  this  in  a  healthy  ftate.  The  heat  in 
the  bodies  of  thefe  animals  is  extremely  uniform, 
feldom  varying  above  a  degree  or  two  in  all  the 
various  alterations  of  the  air.  When  the  bodies  of 
animals  ere  difeafed  indeed,  this  heat  is  liable  to 
fome  change.  A  high  fever  will  fometimes  produce 
a  heat  equal  to  loS. 
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We  can  form  no  idea  of  the  degree  of  heat  ia  our 
own  bodies  by  our  feelings.  A  perfon  fliivcring.and 
under  all  the  fcnfation  cf  the  bitter^  cold,  in  a 
fit  of  the  ague,  is  frequently  found  by  the  thernio- 
meter  to  be  two  or  three  degrees  warmer  than  in 
health.  Dr.  Bocrhaave  imagined  that  the  heat  of 
hot  animals  approached  very  nearly  to  that  at  which 
the  ferum  of  the  blood  coagulates,  and  the  great 
danger  which  attends  a  high  fever  he  fuppofcs  to 
be  owing  to  the  riflt  of  the  ferum  coagulating.  But 
this,  as  I  obfervcd  a  little  above,  is  far  from  being 
the  cafe..  For  it  requires  a  heat  near  156"  to  coagu- 
late thc'fcnim  o![  the  human  blood,  a  temperature 
to  which  the  body  of  no  animal  can  endure  to  be 
raifed.  From  this,  it  is  evident,  that  fomething 
ncceffary  to  life  is  dcftroyed  by  a  lefs  degree  of  heat 
than  what  is  capable  of  coagulating  the  bloodl 
This  is  the  nervous  energy. 

We  find  that  we  arc  fcalded  by  water  ata  heat  ftlll 
conliderabty  belQwth.tt  at  whichthe  blood  would  coa* 
gulate.  Animalsdiffcrniorein  thi»Tcfpe<2',  than  in  the 
heat  at  which  the  ferum  becomes  foiid.  A  d^reecrf 
heat  which  can  be  fupported  with  eafe  for  aconfidcr- 
able  time  by  one  animal  will,  in  a  few  minutes;  fcald 
another  todcath.  It  is  by  meant  of  this  alteration 
in  the  nerves,  that  different  animals  beardiffi:rent 
degrees  of  heat,  and  are  fo  fitted  for  the  different 
climates  in  this  globe.  Thus  the  birds,  which  in« 
habit  our  climate  can,  all  of  them  uninjured,  bearfbr 
a  conftdcrable  time,   a  heat  e^ual.ta  10^  whils 
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fiMne  ^  the  Greenland  birds;  upon  being  broiighc 
into  €he  cabin  of  a  (hip,  Which  nuiy  be  about  46" 
ftr  48%  die  in  a  few  hours.  The  porpus  again^ 
whofe  blood  is  at  102^  or  103^  can  bear  for  fome 
Cime  water  as  hot  as  96''  without  injury,  while  this 
faime  degree  of  heat  would  fcald  a  perch  to  death  in 
two  minutes/  Even  the  individuals  of  the  fame 
jpecies  di^er  in  the  degree  of  heat  which  thejr  can 
Jbear  without  fcailding.  I  have  feeh  people  put  their 
tends  with  eaie  into  water  above  150,  without  being 
Jivrt  by  it,  while  it  is  intolerable  to  me  at  i\^^ 
It  is  probable  from  many  experiments  which  I  have 
made,  that  perfons  whofe  hands  are  not  rendered 
callous  by  hard  labour  will  find  114*  fcald ing  hoC. 
l%e  wanner  animals  of  our  climate  can  probably 
bear  a  greater  degree  of  heat  without  pain  than  we 

In  general  the  nerves  are  incapable  of  being  tho« 
lk)ughly  heated,  without  injury,  to  any  degree  much 
^above  the  heat  of  the  blood.  The  heat  can  never 
probably  in  any  diieafe  be  greater  than  114%  and 
therefore  an  increafe  of  heat  never  can  produce  death 
by  coagulating  the  blood,  but  will,  long  before  it 
arrives  at  the  point  neccflary  for  this  purpofe,  oc-» 
cafion  death  by  afTedling  the  nerves,  and  depriving 
them  of  their  fenfibility  and  ofiicc* 

The  animals  which  feel  cold  to  us  have  ftill  n 
power  of  generating  a  fmall  degree  of  heat^  though 
greatly  below  that  of  the  hot  animals,  feldom  ex«> 
ceodingfiHir  or  five  degrees  above  the  medium  in 
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irfiich  thcf  live.    Of  this  idiid  ti«  flB  die  fiffan^ 

clept  the  cetaceous^  fniila^^jpMg^^iiid  land  and  fia 

tDrtoUcs^  toads»  vipers^  and  «ll  the  fiapent  kind^ 

and  nxift  infoAs.     The  fragi  and  tertoifet  have 

lungsas  well  as  the  hot  animals^  but  they  art  oFa 

ireiy  diftient  textuie»  and  the  blood  can  eafily  dr^ 

culate  duough  thdr  bodies,  urithout  pafiing  diitn^h 

the  lungs  at  all.    The  degree  of  heat  pioduoed  in 

thefe  aninuik  is  not  the  lame  in  all.    The  lefi  per- 

fta  the  anunal^  the  lower  thed^ree  of  heU«  Hence 

ihelUfilh,  as  oyfters,  mufcles,    &c«  have  tbuotlj 

any  perceptible  heat  above  the  furrounding  nwdimn^ 

Fiihes  of  a  more  pcrfcA  kind,  as  the  perch^  have 

but  a  fmall  degree  of  heat^  about  one  degree^  above 

the  medium  in  which  they  live.     Hiis  heat  fhemt' 

to  be  at  the  fame  d^ree  above  the  medium  in  which 

they  arc,    of  whatever  temperature  that  may  be. 

Thus  the  flounder,  cod  fiih,  and  haddock,  were  not 

found  above  a  degree  warmer  than  the  (alt  water  in 

which  they  were  fwimming,  even  when  that  was 

r 

fo  low  as  41"^ ;  trouta  were  at  62^  when  the  water 
they  were  fwimming  in  was  6i^  Snails  have  a 
heat  about  2""  higher  than  the  air.  Frogs  and  land 
tortoifes  haye  a  power  of  generating  hes^  fomething 
ilronger,  about  5''  higher  than  the  air  in  which  they 
breathe.  This  is  likewife  the  cafe  w^th  fea  tortoifes, 
toads,  vipers,  and  all  the  ferpent  kind.  All  the 
infeA  tribe  as  far  as  is  hitherto  known,  excepdf^ 
bees,  belong  to  the  cold  animals.  Caterpillars  are 
but  a  degree  pr  two  above  the  air,  they  live  iQ«    Bea( 
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hAong  to  the   hot  animals^   and  a  thermometer 
placed  in  a  beehive  ftands  at  97*"^  the  human  heat^ 

By  far  the  greateft  part  of  cold  animals  live  in 
*water,  which  they  can  very  well  do  without  having 
any  great  power.of  generating  heat,  as  water  is  never 
colder  than  32%  and  feldom  acquires  a  heat  above 
60^  or  70*.  Hence  they  ftand  in  lefs  need  of  a 
ftrong  power  of  generating  heat,  than  the  animals 
that  live  in  the  air,  which  is  liable  to  a  much  greater 
alteration  of  temperature  than  water  is.  The  quan- 
tity of  heat  generated  by  cold  anipnads  is  Aot  very 
•great  on  ordinary  occafions. 

But  in  fome  particular  cafes,  when  the  heat  of  the 
medium  in  which  they  live  is  in  danger  of  being  di- 
tniniffaed  below  a  certain  pitch,  thea  the  quantity 
of  heat  generated  in  a  given  time  is  mudi  greater^ 
The  following  experiment  proves  this.  Two  phials 
of  the  fame  ihape  and  ftze  with  an  equal  quantity  of 
water  in  each  were  immerfed  in  a  mixture  of  fnow 
and  fait  in  a  room  whofe  temperature  was  24^  Into 
one  of  them  was  put  a  fmall  fifli ;  the  other  ftrved 
^  a  ftandard^  The  phial  in  which  thi^re  wa« .  nor- 
thing but  water  froze  19  a  little  time«  The  phial 
with  the  fiifa  icfim  had  a  ring  of  ice  formed  at  t^e 
£des  of  the  phial,  but  a  quantity  of  water  immedi- 
ately in  contaA  with  the  fifh  could  not  be  frozen 
in  lefs  than  half  an  hoar  after  the  water  in  the  other 
phial  was  frozen,  though  the  quantity  of  the  mix- 
ture of  fnow  and  fait  was  very  confiderable.  The 
heat  jgcnerated  by  this  little  animal  during  this  tim$ 
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niuft  have  been  very  great,  to  have  rcfiftcd  tl»e 
freezing  povicr  of  To  Urge  a  rnixiutc.  After  all. 
ihe  water  could  not  be  IVozcn,  till  the  6(b,  by  the 
violence  of  its  flrugglea,  io  confequcncc  of  its  tail 
being  fixed  in  [he  ice,  had  killed  itfclf.  The  heat  of 
this  Bfh  was  about  a  degree  above  the  heat  uf 
water  at  34"  in  which  it  was  fwimming. 

All  the  cold  animals  ace  fcalded  to  death  wii 
degree  of  heat,  which  lAould  pot  hurt  the  hot 
nials.  Bui  mod  of  them  cjin  bear  a  much  greater 
degree  of  cold  wichoun  injury.  Fiihcs^  as  they  breaths 
water  as  wc  do  air,  cannot  live  when  the  water 
freezes  by  the  cold.  All  (be  other  cold  animaU  bear 
Ihc  winter  without  injury,  but  they  generally  retire 
into  lurking  places,  Co  as  to  be  atfeded  with  ic  4s 
Jiule  as  pofTible.  The  infcci  tribe,  though  the  roojl 
tender  and  delicate  of  ail  animals,  can  bear,  unhurt, 
the  grcateft  degree  of  cold-  They  are  prcfcrved  in 
thecoldeft  feafons,  with  little  other  fteUcr  than  the 
leaves,  and  the  rugged  barlis  of  trees  and  OiFuiif, 
boles  in  walls,  or  a  very  llight  covering  gf 
and  fome  of  them  expofe  ihemfclves  pcfffi 
undefended.  Dr.  Boerhaavc  obferves  that  jn  cbc 
Cer  winters  of  1709  and  1739,  infcdt  eggs 
infcds,  in  the  Hate  of  nymphie,  outlived  <b« 
that  was  intolerable  to  the  livelier  anima/s. 
in  the  cotdeft  clinute  ofthisglqbe,  there  afc 
incrablc  fwarms  of  flies,  vhofe  e^s  and  ai 
piuft  have  furvivcd  the  winter  cold.  The  French 
Tpathenucicians  in  LapUnd  were  greatly 
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«ith  itbfft  ^malft,  though  the  cold  of  thdr  vinttr 
was  3/  J3^1ow  the  beginning  of  Fahrenheit's  icalc* 
JR^wnur  obferves,  that  very  young  catcrpillMi 'bear 
•vicho^tiDJviry  a  degree' of  cold  equal  to  4*. 

The  motion  of  the  heart  of  the  cold  animals  || 

^fiych  flower  than  t^at  of  the  hot  animals^  and  dtt« 

rung  the  fevere  cold  ^f  the  winter  it  does  not  move 

;lit  all.  Dr.  Harvey  Jbas  ieveral  fads  to  this  purpcft. 

In  fnails»  the  hearty  which  beats  very   manife(Uy  m 

fiimmer^  was  found  ta  be  perfedtly  at  reft  in  winter* 

Tlie  iaroe  fad  appearqd  in  many  of  die  fly  tribe  Mki 

others,  which  pafs  the  winder  in  a  fleepy  or  ioienu 

fifale  (hite*    The(e  aninials  (eem  to  have  a  kind  of 

.Jife  JOiogc  4>f'Z  vegetable   than  ^animal  nature*    Of 

,Chis  ibrt  aretbe  viper  aixi  ferpent  tribe,  frogs,  toadft^ 

4iid  tortoifes;   even  the  bat,  which  is  naturally^ 

bot  anioial,  pa£es  the  wiater  in  this  (late  of  Rtip 

or  infenfibility,  and  during  this  period  is  as  cold  i$ 

the  furround'uig  medium,  and  its  heart  is  perfeiflfjr 

U  reft.    Yet  theft  animals,  in  this  fituation,  fearcefy 

t^   be  diftinguiiljed  from  death,   are  immediateljr 

neftored  to  their  original  ftate  of  activity  and  warmth^ 

Iqr  being  Jcept  for  4|Mne  time  in  a  warm  place. 

Hiough  the  warmanimaU  never  have  their  bloo4 
4l|uch.  warmer  than  it^oidinary  temperature  in  healthy 
Mdare  incap^tble  of  bearing  fuch  increafed  heat,  tfagr 
mn,  however,  bar  degrees  of  cold  for  below  it  without 
dbmger*  fioyje  gives  many  inftances  of  animals  thii( 
bam  become  ftiff with  cold,  or  which  have  been  biu 

4iciliAlum|^aof  kc^tbatby  beiiig4xpoftd«Mi  warmer 
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air,  have  been  again  reflored  to  their  life  and  fenfcs. 
Partial  freezing  of  the  nofc,  hands,  and  feet  of  the 
buman  bo^y  are  frequent.  Hlldanus  gives  an  in- 
fiance  of  men  fo  frozen  by  the  mafs,  that  when 
plunged  into  cold  water  they  contradted  a  cover  of 
ice  over  the  whole  body,  and  therefore  wiuft  have 
bcca  of  a  temperature  confiderably  below  32.  Yet 
even  in  this  terrible  ftate  people  have  been  recovered 
£0  life  again  by  a  method  of  treatment  well  under^ 
floodinthcfe  intemperate  climates.  Thcgreat  degreei 
of  cold,  which  the  different  parts  of  the  human  body 
frequently  fuffer,  are  equal  to,  or  even  below  what 
is  neceflTary  for  freezing  the  blood.  It  may,  there- 
fore be  imagined,  that  in  this  cafe  it  would  bcinv- 
pofliblc  to  reftorc  the  body  to  its  original  ftate, 
efpccial!y,  as  it  was  aflcrted  in  a  former  part  of  this 
eOay,  that  if  the  blood  was  once  coagulated,  it 
was  impofTible  by  cxp9fing  it  to  heat,  ever  to 
make  it  regain  its  original  Ruidity.  But  though 
this  is  the  cafe  upon  expofmg  blood  to  the  open 
air  to  cool  flowly  and  gradually,  and  has  hitherto 
been  fuppofed  to  happen  in  every  cafe,  yet  if  the 
blood  is  cxpofed  to  a  greai  jjegree  of  cold,  and 
fuddenly  cooled,  fonieihing  diflerenr  happens.  If 
the  blood  is  cooled  to  a  great  degree,  and  fuddenly 
frozen,  it  can  be  prefcrvcd  in  that  ftate  for  any 
length  of  time  without  becoming  putrid,  and  upon 
expofmg  it  to  a  gradually  increafing  heat,  it  become* 
as  fluid  as  when  i:  ran  from  the  vein  of  the  animal ; 
and  after  this,  if  it  is  allowed  to  cool  flowly  io  the 
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openair.it  will  coagulate  like  blood  frcfh  drawn,  and 
then  cannot  be  again  rcftored  to  its  natural  fluidity 
by  heat.  Now  in  all  thcfe  partial  freezings  of  the 
human  body,  the  blood  muft  be  frozen  before  it  can 
coagulate  ;  for  the  cold  is  too  fuddenly  applied  to 
give  it  time  to  coagulate  before  it  freezes,  and  there- 
fore the  blood  in  the  vefiels  regains  its  original 
fluidity,  when  the  frozen  member  is  reftored  to 
warmth. 

It  appears  from  thcfe  obfervations,  that  though  the 
nervous  influence  is  deftroyed  by  much  lefs  heat  than 
what  is  neceflary  for  coagulating  the  blood,  that  it 
fuifers  very  little  by  a  degree  of  cold,  which  eafiljr 
freezes  that  fluid.  For  in  every  cafe  where  a  frozen 
member  of  the  human  body  has  been  reftored  to  its 
natural  rtatc,  it  is  evident  that  the  nervous  energy 
remains,  otherwifc  the  reftoring  the  fluidity  of  the 
blood  would  be  of  no  confequence ;  the  part  would 
fallibly  mortify;  for  the  blood  vetTels,  in  this 
le,  deprived  of  their  fenfibility,  would  allow  the 
(ood  to  flagnate  for  ever  in  them.  However, 
(hough  the  nervous  influence  can  be  reftored,  when 
the  nerves  have  fuffcred  k  degree  of  cold  fome- 
thing  bclaw  that  of  freezing  blood,  yet  if  the  cold 
is  much  below  this,  they  are  entirely  deflroyed,  and 
cannot  be  again  reflorcd  to  their  fenfibility  at  all. 
Hence  in  many  cafes  frozen  hands  and  feet  become 
gangrenous  in  fpitc  of  every  method  of  treatment. 
When  a  member  has  been  froft-bit,  it  is  ncceffary  to 
refl:ore the  heat  to  it  very    gradually.    If  it  is  put 
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itomedintciy  inco  wurm  water,  ic  infiiltibfy  morrificc. 
Hence  in  culd'Climatrs,  wbert.accJdcnuefihi!i  kind 
arc  frociuent,  ibey  put  the  frozen  limb  into  a  mix- 
liire  of  fnow  aod  water,  or  rub  it  with  fhow  for  a 
confiderable  time.  All  fuddcn  alterations  of  heat 
are  dangerous  to  the  bodies  of  animals.  The  dif. 
tefcnce  betiveen  the  heac  of  the  frozen  member  and 
tfcat  of  water,  which  we  could  call  hot.  is  70  or 
So  degrees  ;  and  the  ftaie  of  the  nerves  at  that  time 
would  probably  make  water  at  70°  or  So'  prodocc 
the  fame  e&cd:  as  fcalding  water  would  have  oa 
them  OD  ordinary  occaGons. 

The  animals  which  pafs  the  winter  in  a  ftate  of 
infimfibility  are  fuch,  probably,  whofe  blood  is  fn)Mn 
with  a  much  Icfs  degree  of  told,  than  that  ncceflary 
for  dcftroying  the  nerves.  Hence  they  pafs  the 
winter  without  requiring  nouriilinii-nt.  and  without 
any  wafle  of  fubftance  or  danger  of  putrefaiSioa* 
When  the  returning  fun  in  the  fpring  reflorcs  the 
Jifc  of  all  the  vegetable  kingdom,  the  blood  of  thefc 
flcqung  animals  regains  its  fluidity!  the  animal  is 
rtftorcd  to  its  ftatc  of  aftirity  and  vigour,  in  the 
Aloe  manner  as  a  froft-bit  limb  U  itftored  to  life 
by  a  gradual  incrcafe  <^  heal.  If  the  winter  has 
t*en  very  feverc,  the  cold  may  be  fo  great  as  to 
deftfoy  their  nervous  influence  altogether,  lb  that 
the  animals  cannot  be  reflorcd  to  life  by  the  re- 
nirning  warmth,  in  order  to  prevent  accidents  of 
[his  kind,  they  retire  into  holes  in  the  earcb,  wbetc 
arc  in  Icfs  daMgroffofeyw^on  great  adcgn^^ 
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of  cold*  Hence,  if  an  animal^  whofe  blood  froze 
before  its  nerves  were  deftroyed,  were  expofed  to  a 
fudden  cold,  if:  might  be  reduced  artificially  to 
this  (late  of  infenfibility,  like  the  animals^  which 
pafs  the  winter  in  a  (late  of  ina&ion,  and  might  be 
kept  for  any  time  in  this  flate^  and  reftored  to  life 
whenever  we  pleafed,  by  a  gradual  application  of 
heat,  f,  once  aflifted  at  a  trial  of  this  kind  on  a  fi(h  ; 
but  wc  could  not  freeze  it  fuddenly,  on  account 
of  the  power  of  generating  heat,  which  the  animal 
was  found  to  have^  as  already  mentioned,  fo  that 
it  was  killed  by  its  own  druggies  before  it  could 
be  frozen*  A  fwallow  would  be  more  proper  for 
this  trial.  Every  body  knows^  that  flies,  which 
are  apparently  dead  after  a  fevere  frod,  will  recover 
in  the  fun  beams,  after  being  in  this  Hate  of  infen^ 
fibility  for  feveral  days. 

This  account  of  the  matter,  and  thefe  experiments ^ 
render  this  opinion  about  animals  that  die  in  winter 
very  probable.  Future  experiments,  however,  will 
throw  more  light  on  this  fubjed. 
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ON  EVAPORATION. 
A.D.  1783. 


I^ODUS  are  converted  into  v^^ur  chiefly  by  means 
of  heat.  They  differ,  however,  very  much  with  re- 
gard to  the  degree  neceflary  for  this  purpofe.  In 
general  we  find  that  thofe  bodies  which  remain  fluid* 
in  the  ordinary  heat  of  our  weather,  are  more  eafily' 
converted  into  vapour,  than  thofe  that  are  fblid,  andf 
if  any  of  the  commonly  fluid  bodies  are  accident- 
ally  frozen,  heat  firfl:  makes  them  fluid,  and  after- 
wards changes  them  into  vapour.  In  this  ftate  they 
remain  until  the  heat  be  diminifhed  below  a  certain 
degree,  and  then  they  return  to  their  fluid  or  folid' 
ftate  according  to  the  degree  to  which  the  heat  is 
reduced.  There  are,  indeed,  a  few  folid  bodies, 
which  are  immediately  converted  into  vapour  with- 
out becoming  fluid.  But  the  vapour  produced  from 
thefe  bodies  is  in  no  refped  different  from  that  of 
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othen  at  leaft  with  regard  to  its  general  qualitil 
The  vapour  of  all  bodies  is  claftic,  and  its  clafticft 
is  inverfely  as  the  fpace  which  it  occupies. 

The  produifti  in  of  vapour  from  Ruids  is  attended 
fbmettnies  with  a  particular  commotion,  which  can- 
not take  place  in  folids.  This  boi!ing  in  fluids  may 
be  produced  at  very  different  degrees  in  the  fcale  of 
heat.  Thefe  variations  arc  found  to  depend  on  the 
fituation  of  the  body  with  regard  to  the  preflure  of 
the  atmofphere.  If- the  preflure  is  increafcd,  the 
heat  neceffary  to  make  the  fluid  boil  is  greater,  and 
the  preflure  being  diminithed,  is  accompanied  with  a 
diminution  of  the  boiling  heat.  Thefe  circumftanccs 
have  been  long  eftablilhcd  by  the  mod  undifputei 
experiments,  and  it  is  now  univcrfally  agreed  tKat 
the  prcfliire  of  the  atmofphere,  and  the  boiling  heat 
of  fluids,  are  in  a  conHant  ratio  to  each  other,  and 
one  of  them  being. given,  the  other  ro.iy  be  immc- 
^iaicly  difcovered. 

Evaporation  has  been  divided  into  fenfible  and^ 
Ipontaneous.  But  thefe  arc  the  fame,  differing  only 
in  degree.  It  is  not  folely  at  the  boiling  point  that 
fluids  arc  converted  into  vapour.  They  alfo  eva- 
porate in  a  degree  of  heat  far  below  it.  But  the 
quantity  of  vapour  produced  from  a  body  in  a  given 
time,  is  greater  when  it  docs,  than  when  it  does  no: 
boil.  The  vapour  is  alfo  in  the  firfl  cafe  very  claftic 
and  difficult  to  be  confined  excepting  in  veffels  of 
great  ftrength  ;  whereas  the  vapour  produced  below 
the  boiling  point  has  but  little  claflicity,  and  may 


[ily  be  confined'  in  the  weakeft  veflels.  Philofo-^ 
phers  have  not^et  difcovered  the  leaft  degree  of  heat 
by  which  a  body  may  be  converted  into  vapour.  > 
We  find  in  the  Cafe  of  water  that  it  is  converted  into 
vapour  even  in'  the  form  of  ice  without  pafling  into 
a  fluid  ftate.  If  we  breathe  on  a  polifhed  plate 
of  metal  that  has  been  etpofed  to  the  dir  during  an 
intenfe  froft^  a  film  of  hoar  froft  immediately  con« 
geals  upon  it ;  but  in  a  ihort  time  this  difappears; 
though  the  air  be  much  Coldct  than  f>o((^  and  with-- 
our  any  drops  of  water  beiAg  feM  updn  its  furfac^; 
Bat  evaporation  in  this  cafe  process  very  llowly, 
in  fome  meafure  depends  on  accidental  eircum*^ 
fiances^  and  varies  at  different  times  white  the  ex-» 
femal  temperature  is  the  iame.  The  drynefs  or 
moifture  of  the  air  feems  to  have  confiderable  tffcA 
upon  it* 

As  water  forms  a  very  great  part  of  this  earthy  w£ 
have  opportunities  of  making  more  obfervations  oii 
the  evaporation  of  that  fluid.  We  fliall  therefore 
confine  our  remarks  chiefly  to  it*  From  the  obfer^ 
vations,  which  every  body  has  made^  this  fluid 
appears  to  evaporate  more  quickly  the  greater  the 
degree  of  heat  to  which  it  is  expoled.  We  perceive 
that  evaporation  is  greater  in  hot  than  in  cold  wea^ 
ther^  that  artificial  heat  produces  vapoUr  in  (litl 
greater  quantity^  that  the  more  we  increafe  the  heat 
the  more  quickly  the  water  evaporaites^  Theft 
thingi  are  fo  obvious  that  one  might  have  omitted 
tficflDjr  wert  it  not  that  a  very  ingenious  and  eek^ 
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bnted  writer  has  latdy  difputed  ihem,  and  aifvaaotd 
an  opinion  that  ought  not  to  be  palled  over  wichocrt 
examination.  The  author  I  mean  is  Mr.  Bergman, 
chemical  profeflbrat  Upfal.  This  gentleman,  in  a  latr 
volume  of  his  OpkfcuU  lays,  that  almoft  every  opera- 
tion in  chemiftry  has  a  certain  degree  of  heat,  as  it  were, 
allotted  for  it,  and  in  which  it  may  be  performed  in 
a  kfs  time  than  by  either  a  greater  or  Icfler  degree 
of  heat !  that  water  is  fubjcift  to  this  rule ;  that  it  is 
converted  moft  readily  into  vapour  at  150°  of  the 
Swedish  thermometer,  which  is  equal  to  30a'  of 
Fahrenheit  ;  that  this  point  in  the  fcale  of  heat  may, 
with  regard  to  water,  be  confidered  as  fimilar  to  a 
point  of  contrary  flexure  in  a  curve  on  each  iide  of 
which  the  ordlnates  diminilh  gradually  till  they 
vanifli. 

According  to  this  dodlrine  the  hcftter  the  fire  is 
ibov«  301,  the  Icls  water  is  diflipated,  and  we  are 
led  to  conclude  that  water  intcnfcly  boc  is  not  moct 
difpofed  to  become  vapour  ihon  in  the  fevcrcft  froft, 
and  that  heating  water  red-hot  in  a  pidol -barrel, 
which  has  hirherto  been  reckoned  a  harardons  ex- 
periment, and  which  was  thought  no  froaW  proof  of 
toumgt  in  the  gentlemen  who  firft  tried  it,  is,  on  the 
contrary,  very  fafc;  at  Icaft  the  great  danger  is  at 
303*,  but  beyond  this  it  gradually  diminiflies,  and 
tt  tlie  red  heat  at  which  tKc  piHol  burft,  it  fbould 
have  vaniHicd  altogether,  I  wifh  Mr.  Bergman  hwt 
nnrncioned  the  experiment  on  which  he  founds  I 
opinion*    On  mod  otb«r  eccafiom  he  h«  hoc  « 


ttp'bpinidM  hifMy^  but  Ms  f)it$(Ciif9ca  iHni  gitift 
fcwtion  Md  ateienCfM^   and  App6it%  to  Imve  pet^ 
ftftly  iimterihKyl   the  ptiticipks  rf  the  RwrttiUti 
ipllilofbphy.    Iti  tirt  pfdittt  tertawce,  bbweftt,  hh 
ti^phriciii  febiM  to  be  ib  conthiry  x6  tbmfindn  fitSt 
ind  obibrfttiort^  that  ftw   will  afltitt  to  it^  but 
iaati:  peHbtts  be  apt  to  i&y  that  it  defetve^  tio  feribui 
tmtldersrtioh.    It  it  fittiilar  to  that  notion  H^idh  htt 
been  lately  Itated  to  prove  that  none  of  thie  iftats  krii 
hiuch  ht^r  than  Out  fun*  !t  is  ftflHirmed  ttett  iPt^ne 
tk  the  Ram  l^as  five  hundred  or  a  ihotilknd  thtiel 
larger  than  the  ttin,  And  placed  tt  the  ordinaty  dif- 
binrt  \»fc  dJihttMiily  fdppote  the  flted  ftam  to  be,  tt« 
CMtd  Mot  fte  it,  bectofe  befete  its  light  £oultl  teatft 
4M  the  Whole  ofitwoiild  have  lalienbskrk  totheorfj^^ 
!*!  body  bythe  forceofattra^tvott.  We  muft  not, 
thtrefore,  expeft  to  Tee  a  luminous  body  htetely  be- 
^taoTeft  is  large,  for  beyond  a  tertain  fifce,  thelaiigttr 
fr  is  the  left  piirt)abiTity  we  hate  of  feeitig  iti    Oat 
Vnlj  chance  is,  that  it  Ihould  be  fitiall; 

It  is  not  etffy  i6  find  out  in  what  thanfter  Mr. 
Bergman  could  piDve  by  experiment,  that  watereva- 
poraml  fafter  «R  3da*  than  at  any  other  H^^rct.  For 
Water  flies  ofFin  vapour  long  before  ft  cah  be  heated 
M  this  pomt  in  the  open  air^  If  we  apply  arti« 
^fidal  prefRireto  the  furface  of  Water,  it  may  acquiihe 
•(hia  degnce  of  heat^  but  it  doe«  not  evaporate,  tf 
we  apply  prcflure  till  the  water  heats  to  302%  anfl 
then  remove  the  preffut^,  the  water  evaporates  fti 

fKtt,  bat  molt  of  it^  I  find,  if  the  prafTure  ia  t»int!Aued 
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till  the  hcatberaifcd  to  500.  Thefcthingsa 
pofitc  to  Mr.  Bergman's  notion,  who  in  ihis  cafc 
fccms  to  infiniiatc  that  heat  is  not  the  caufe  of  eva- 
poration. All  cxperimenrs  prove  this  to  be  without 
foundation,  and  wc  may  ftill  admit,  that  the  greater 
the  degrceof  heat  to  which  water  13  cxpofed,  the  more 
quickly  it  will  evaporate;  and  I  believe  wc  may 
alfo  admit  that  the  latter  a  body  ia,  the  more  eafily 
it  will  be  feen. 

Water  when  converted  into  vapour  increafes  in 
its  fize  about  1800  times,  but  [hi$  h  ftrldly  appli- 
cable only  to  vapour  produced  at  the  boiling  poiO^K^ 
It  is  not  eafy  to  afceitain  the  expanfion  of  wacdf^ 
,when  converted  into  vapour  in  low'cr  temperature^ 
riiough  it  is  probably  not  much  lefsthan  this. 
Many  authors,  among  whom  is  Dedij^uilicr,  make 
the  expanfion  abr>ve  14000  rimes.  Hut  ihc  expe- 
riment from  which  he  hafi  taken  this  number  does 
jiot  admit  of  an  expaj)fK>n  much  above  the  tenth 
part  of  it.  The  vapour  «f  water  is  therelorc  much 
lighter  than  air,  which  is  o'lly  between  Sou  and  85O 
times  lighter  thnn  water.  The  fiKcific  gravity  of 
fteam  to  that  of  air  is  as  i  Soo  to  Soo  or  as  9  :  4. 
(^^■^f  vapour  coyld  retain  its  form- independent  of 
'  jex^rnal  cold,  it  ivould  rife  till  the  denQty  of  the  air 
was  diminifhcd  in  the  prof>orrinn  of  9  14.  At  thw 
j>lace  the  barometer  would  ftuKJ  at  13-33  'ichcs, 
and  the  perpendicular  height  above  the  level  of  the 
fca  would  be  fomcthing  lefs  than  four  miles. 

But  as  die  vapour  riles,  the  preO'ureQa  it  vpuld 
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diminilh,  and  at  the  height  of  four  miles  being  prelT- 
ed  with  but  one-half  of  the  force,  it  would  occupjr 
double  the  f pace  it  did  at  the  furface  of  the  earth. 
It  would  (till,  therefore,  continue  to  rife,  and  the 
iame  caufe  continuing  to  operate,  it  would  reach 
the  top  of  the  atmofphere. 

The  whole  vapour,  however,  never  reaches  to  th^ 
height  even  of  four  miles  perpendicular.  A  con^ 
liderable  part  of  it  is  condenfed  before  it  can  rife  to 
that  height,  and  the  part  which  does  not  condenfe 
18  no  longer  pure  vapour,  fuch  as  we  have  fuppofed 
it  at  firlt.  Though  a  great  part  of  the  vapour  of 
'water  is  condenfed  before  it  rifes  four  miles  per* 
pendicular,  a  part  of  it  afcends  near  as  high  before 
kcondenfes.  This  is  evident  from  the  fnow  on 
the  tops  of  hillst  The  fummit  of  the  Andes  is 
covered  with  fnow  though  under  the  equator,  and 
above  a  certain  height  the  fnow  conftantly  lies. 
Thi$  height  the  French  academicians  call  the  level 
df  the  fnow. 

The  vapour  erf  water  then  does  not  always  return 
immediately  to  the  ftate  of  water  upon  being  cooled. 
A  part  of  it  mixes  with  the  air^  and  is  dilTolved 
by.it^  and  may  then  rife  to  a  great  height  in  the 
atmofphere.  When  we  Hand  near  the  boiler  of  4 
fire-engine,  and  the  machine  ftops,  and  the  fleam 
is  let  out,  a  white  cloud  of  vapour  iflues  with  great 
violence,  but  after  rifing  a  little  way  it  difappearst 
|t  does- not,  however,  immediately  fall  down  agaiti 
Hi  ^  form  of  wateri  though  fr^  the  (^ipperacuf? 


t'inglo  tfcc^ 
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of  the  exmnai  ais  ic  inu(t  iaflantly  be  cooledL, . 
below  the  boiling  point.  Thi&  mutl  be  owing  ti 
vapour  being  diiTolved  iiulie  air.  For,  if  we  ho]d 
^oy  cold  body  in  chis  tlcani^  and  retard  its  mixture 
with  the  air>drops  of  water  arc  inflamlyfbrowd  ot>  it. 
When  hot  water  is  put  under  the  receiver  of  an  air- 
pump,  and  the  air  taJkCn  out,  the  water  evaporates, 
but  this  vapour  itumediatcly  condenfcs  upon  cooU 
ing,  and  little  or  none  wiil  be  found  in  the  receiver, 
when  it  has  acquired  th?  [cmpcrature  of  the  exter-i 
nal  air.  The  air  at  all  cimes  contains  a  quantity 
of  vapour  dilTolved,  and  may  be  made  to  part  with 
it,  either  by  cold,  or  bycxpofing  bodies  to  it  which 
have  a  flrong  atlra<flioii  for  water,  and  which  will 
foon  lay  hold  ot  the  vapour,  unite  virb.  it,  and  be 
diflblvcd  by  it.  Air,  which  has  dinbived  vapour, 
is  lighter  than  pure  air.  Equal  parts  o(  air  ao4 
vapou/  Ihould  produce  a  compoLiiu},  whofe  den. 
fity  to  common  air  fhould  be  as  8  :  ij.  Suppofc 
the  air  to  be  free  from  all  vapour  of  water,  when 
the  barometer  (lands  at  30  inches^  if  at  any  time 
the  air  was  mixed  with  an  equal  quantity  of  waiei^ 
vapour,,thc  barometer  lliould  fall  to  19  inches.  In 
our  climate,  the  barometer  feldom  falls  bdow  i^ 
inches,;  which,  independent  of  all  effects  from  ac«i, 
dental  circumftances,  of  rarefaiSion  from  wiad 
and  other  caufcs,  would  give  the  proportion  of  va-. 
pour  mixed  with  air,  when  greatdt  in  our  climate^ 
to  amount  tq  a  tench  part.  In  this  cai^,^  a  gallon 
fii  m  Ibould  bp  ibun^  tQ  coatgui  3>64  gr«iiu  o( 
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•viater^  aVoot  tbice  and  a  half  gEaintir  Thisj  I  bo* 
iicvc^  is  Ids  than  may  be  fometiniiea  fcparated 
from  i^  both  by  cooling  k«  and  other  maamu  In 
a  mixture  of  equal  parts  of  air  and  vapour^  the 
gallon  (houjki  be  found  to  contain  from  i6  to  17 
grains  of  water.  .  i  have  here  fuppofed  the  fpecifie 
gravky  of  air  to  be  -^^  of  that  of  water,  and  the 
}^a%  the  mean  heat  of  this  earth,  to  wit,  56^ 

I  have  taken  it  for  gninted  that  air  infome  caieahas 
no  vapour  mixed  with  it ;  this,  however,  never  hap^ 
peas.,  i  have  alio  aflUmed,  that  the  vapour  and 
air  after  miituxe  occupy  the  feme  fpace  which  they 
did  before  mature,  which  ia  aUb  not  eza&ly  true 
Thcie  will  affeA  the  conckiiions^  a  little,  but  not  fo 
much  as  might  at  firlt  fight  be  imagined*  The 
sifing  and  falling  of  the  baromemr  depends  more 
cammonly  on  the  quantity  of  vapour  mixed  with 
At  aii;  timin  liipoiv  winds  or  ai>y  odier  caufea  that 
JofLvc  been  afligned* 

Wbea*  vapour  ia  piqducod  fuddeoly  from  a  fluid 
i(  become^  colder.  It  ha9  long  been  obferved  in 
.China,  thaa  wet  cloths  expofed  to  die  air  are  colder 
.than  the  ten^peratuif  of  the  air,  as  long  as  they 
iitai»aiiy  laoiftute,  Aocordiagly^  in  that  country, 
Ifoomi  and  generics  fomied  of  eanvaa  are  kept  con* 
ftaatly  wet  ta  give  coalneA  to  the  air  within*  They 
;«!£>  cool  jars  cootainiag  water  in  the  fame  manner, 
and  upon  this  principle  alfo,  they,  are  enabled  to 
4pake  ice  in  places  where  the  temperature  of  the  air 
»M^mii  fy  low  ^K^  bucz'mg  poinL^    Though 
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rtic  Cbincfe  fccm  to  have  firfV  obferred  that  the  t 
poration  of  «itcr  produced  cold,  they  do  not  ffda 
to  have  remarked  it  in  other  Raids.  It  is,  however, 
now  known,  that  alt  fluids  when  ihfy  evaporate  pro- 
duce cold,  and  that  the  cold  produced  is  in  propor-. 
tion  to  the  volatility  of  the  fluid.  By  moiftening 
bodies  with  ether,  wc  can  cool  them  below  the 
freezing  point  in  the  hottcft  day  in  fumnwr.  When 
water  is  expofcd  to  an  Jntcnfe  heat  in  a  clofe  vcflcl, 
it  becomes  much  colder  immediately  upon  opening 
it,  and  allowing  the  vapour  to  iiTue.  But  thit 
vapour  is  not  hotter  than  the  comtnon  boiling  point 
of  water.  The  quantity  of  heat  which  difappcars 
in  this  cafe  would  have  heated  the  fluid  Soo*.  as 
I  have  found  by  experiment  fbme  yean  ago.  One 
may  naturally  aflc,  is  the  produtflion  of  cold  the 
confequeace  or  the  caufe  of  the  evaporation  ?  But 
wc  know  too  little  about  vapour  to  be  able  to  give 
a  fatisfaiflory  anfwer  to  this  queflion.  It  may  be 
owing  to  the  one  or  both,  or  to  fome  other  caufe 
unknown  to  us.  The  only  thing  we  arc  furt  of  i», 
that  the  produflion  of  cold,  and  the  converfion  of  a 
body  into  vapour,  always  go  together.  Another  cir- 
cumftance  in  vapour  is,  that  it  continues  ever  after 
lo  be  more  difficultly  heated  than  in  the  ftate  of 
water,  and  from  this,  the  cold  produced  in  evapo- 
ration may  be  accounted  for,  as  I  mentioned  iq 
a  former  efTay. 

Great  alterations    in  the  heat  of  the  weather  may 

|Me^[pe£ledto^fiomthe<^ufaju|lftued.    ffi^ 


09   ETAFORATIOV*  S17 

vapour  h  always  forming  or  condcnfii^^  and  ac* 
cording  as  the  one  or  other  prevails,  the  heat  pro- 
duced exceeds  the  cold,  and  the  contrary.  Thequan*^ 
tity  of  vapour  formed  by  the  ordinary  heat  of  tlio 
weather  far  exceeds  that  produced  by  artificial  fire* 
It  has  b^n  found  that  the  water  which  evaporatet 
from  an  acre  of  new  mown  meadow  in  twelve  hqur9 
amounts  to  iixtcen  hundred  or  two  thoufand  gallons^ 
and  when  the  fun's  rays  adled  with  great  force,  by 
being  reflected  from  a  brick  wall,  two  thoufand  eight 
hundrrd  gallons  were  evaporated  from  an  acre.  la 
the  torrid  zone  it  is  not  improbable,  that  durif^ 
the  twenty-fbur  hours  in  the  rainy  fcafon,  the  water 
evaporated  from  an  acre  will  be  double  this  quantity^ 
or  will  amount  to  five  or  fix  thoufand  gallons.  Tq 
this  muft  be  added  the  great  quantity  of  fmofctt 
which  arifes  from  the  inflammation  of  combuftible 
hodies  and  which  confifls  chiefly  of  water. 

Ifhe  caufe  of  the  formation  of  vapour  has  beeii 
varioufly  aligned.  Philofophers  have  been  much 
interefted  in  the  queftion,  but  none  of  the  the« 
ories  are  quite  fatisfa<flory.  It  it  not  my  intention 
to  mention  them  all.  Two  have  been  reckoned 
more  probable  than  the  reft^  and  deferve  on  that  ac- 
count to  be  noticed.  The  firft  is,  that  water  i« 
converted  into  vapour  by  being  dilTolved  in  the  air, 
)n  the  fame  manner  as  a  fait  dilTolves  in  water.  Tht 
other  opinion  is;  that  the  water  is  converted  into  va- 
pour folely  by  heat.  The  firft  of  thefe  is  apparently 
frell  fupported  by  many  ciicumffauiQci*    Such  imx^ 


ii- ibe  ciiife  of  fpontaneout:«^kNir.  EvapontioB 
OmsM  to  be  the  joint  efleftirf^boch  beat  and  ain 
Thcftieenu  to  be  two  wa]n>jii  wbi^thisiiuiy  be 
tflv&df  dther  by  tfaeatraAiagimtheinter  in  it* 
ardiiw7  ftum,  and  diffalving  it  immediately,  or 
fey  ^eair  combining  with  the  vapour  of  the  iirater, 
pod  ptcventing  it  from  condrafing  and  falling  down 
fafdafofaftas  it  woidd  otherwtfe  have  done.  The 
Iftpour  which  heat  raifea  is  iirilantly  united-widi 
Ac  air,  and  by  that  means  prevented  from  coi^ 
denfii^.  The  quantity  of  vapour,  which  the  air  tt 
)44;»ble  of  diffdvii^  depends  «n  two  ciicuqiftaBcea, 
lla  heat,  and  the  moifiure  already  combined  with  ic 
If  it  ia  warm,  .every  thing  etfc  being  equal,  it  will 
unite  with  more  vapour  than  when  cold.  But  w^utn 
mi  may  already  be  facurated  with  vapour:  it  will 
fbea  take  up  no  more,  and  the  vapour  then  rajfed 
hf  heat -will  condcnfe  again  into  water,  if  the  air 
it  very  cold,  it  may  fomftimes  be  capable  ef  com* 
"bimng  with  more  vapout»than  air  apparently  warmer, 
Itecaufe  air,  when  cooled,  necelTarily  parts  with 
4omc  of  the  vapour  it  had  diflblved.  If,  after  thia, 
it  fhould  be  fuddenly  heated,  though  but  (91  a  few 
'-degrees,  it  will  diflblve  vapour  very  fall:  for  the 
cold  to  which  it  had  lately  been  expofed.  faaving 
-thrown  out  of  ic  a  great  deal  of  vapour,  it  ii,  though 
'ftill  very  cold,  difpofed  to  attrad  it  very  greediljx, 
«hd  much  more  quickly  than  hotter  air  loaded  witk 
-vapour.  The  vapour  in  our  breath  it  vifibleiaa 
fcrid  day,  becaufe  the  air  is  not  then  iible  to  diffi^v^ 
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ic ;  but  it  is  not  viiible  in  a  hot  daf,  unlefs  the  air 
be  already  faturated  without  vapour^  which  itibme* 
times  is. 

It  has  been  found  by  experiment,  that  removing' 
the  vapour  which  ftagnates  over  a  hot  fluid  ifw 
creafes  the  evaporation^  even  when  the  quantity  lOf 
vapour  is  fo  great  that  the  air  has  not  time  to  diC« 
ibive  it.  A  ftream  of  air,  though  faturated  witli 
vapour,' may  in  Ibme  cafes  promote  evs^ratiooi^ 
and  the  drying  effed  even  of  moift  winds  may  prcKi 
bably  depend  upon  this.  Perhaps  alfo  air  diflblvca 
water,  or  even  ice,  in  their  ordinary  form,  though 
this  is  not  fo  clearly  proved  by  experiment,  and 
mofl  of  the  phenomena  of  evaporation  may  be  ex* 
pbined  without  it.  At  the  fame  tim^  we  have  in* 
ftancel  of  bodies  difiering  almoft  as  much  in  denfitjr 
^•air  and  water,  which  diflblve  each  other,  and  the 
JHincipab  difficulty  Kes  in  conceiving,  how  air,  by 
difloiving  a  dcnfe  body  like  water,  (houid  form  i| 
compound  fpecifically  lighter  than  it  is  whea  pare* 
If  this  be  really  the  cafe,  itfdenis  to  be  oeceflarjr 
to  admit,  that  water  is  converted  into  vapour  jnie- 
vioufly  to  its  combining  with  the  air,  and,  if  I  re- 
member right,  ice  in  vacuo  expofed  during  an  intenife 
froft,  adlually  diminifhcd  in  weight,  and  evaporated. 
This  is  not  fo  furpriHng,  when  we  confider  that 
mercury,  whofe  vaporific  point  is  672%  evaporates 
in  vacuo  bdow  212  from  Colonel  Roy's  cxperimenta. 
If  the  vaporific  point  of  ice  in  vacuo  be  as  far  be- 
low the  boiling  point  of  water  ia  the  open  air^  ioe 


flioirid  evt^Kiratc  in  ncno  At  948  bdov  the  it^tdm 
Fahrenheit. 

Mofl:  authors  fcehi  to  bclievt,  that  air  combined 
Irith  vapoUr  is  heavier  than  dry  tir.  But  if  this 
*rere  itw  cife,  why  does  it  rife  ft>  feft  through  the 
reft  of  the  air.  It  is  not  eafily  conceived  thiit  thiJ 
is  produced  by  the  chchiical  attraftion  between  dry 
4ir  and  air  ioaded  with  vapour,  for  the  afccnt  of  th« 
moift  air  Ihould  in  this  cafe  be  flow.  Neither  will 
wind  nor  agitation  of  the  air  account  for  it ;  (ot 
vapour  rifcs  when  there  is  nb  wind.  Air  that  haj 
been  heated  through  the  day,  and  which  cools  foon 
Ifter  funfbt,  depoflts  in  the  form  of  dew,  fome  of 
the  vapour  which  it  tannot  then  keep  difiblved  t 
(heugh  fometimes  dew  Js  produced  by  the  vapour 
MTuing  from  plnnts,  Stc.  which  is  condenfcd  fro 
the  air  being  too  cold  to  diftblve  it.  When  thet| 
dear  the  furfacc  of  the  earth  has  dilToIved  vap 
ind  a  cold  wind  immediately  rifes,  the  air  containli^ 
<he  vapour  is  cooled,  the  further  folutjon  of  vapour 
Is  prevented,  a  part  of  th'st  which  was  difTolvfd 
ftptrates,  and  an  opacity  in  the  air  is  produced  from 
the  watery  vapour  condenflng,  and  a  fog  or  mifl 
arifes.  Sometiincs  this  happens  only  in  the  morning, 
and  foon  after  fun-rife  the  tir  being  heated  ns 
dilTolves  the  vapour,  and  the  dav  clears  up. 

The  air  conlidemblv  higher  than  the  furface  of 
the  earth,  is  colder  than  that  below.  When  warm 
»ir  which  has  difiblved  vapour  rifes  to  a  certain 
height,  it  will  cool,  and  dcpofit  fome  of  the  vapow 
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%iiicli  k  bad  diiibhred,  aad  this  viU  jp|}Qif  in  rfie! 
fionn  of  dodds.  The  hcif^  Kt  which  thsluq^ponty 
dbyeods  on  the  hest  ^  the  wetdm,  md  iiencse  th^ 
olmidM  are  genenUy  higher  in  fuiBiner  Ama  inirimery 
ina  hot  duui  ia  a  oold  daj.  Hence  bUk,  die  ca|^ 
of  wUch  Me  colder .  than  the  vMcfU,  and  ntamp 
to  cbe  {>lace  vheK  the  fq>amion  of  vapour  from  ditf 
air  by  bM  ukts  place,  atmd:  a  great  deal  ^  tM 
iHpolir  whioh  condenTes  %  and  faence  dMt  tnoifhire  OMJ 
Idllt^  and  ihc  ipringt  of  vmet  tlMt  are  theie  to  f^ 
aaet  with«  If  the  nwuntMi  is  <  iw(f  'liigh,  the  'tfit^ 
mill  lia<ye  panod  with  mofl:  of  llB^pd«irtibfbit>4lf 
mchta  the  tap,  aAd-henoe  che  AiMMlt  of  verf  h^ 
kalhi  IS  often  dear,  whenthel^  Mrtf  elowAi  «r  tHl* 
laiMr  jMtftft.  It  is,  perhapii  adfii  Mring;  to  tfihj 
riitty  on  the  lope  of  verf  b^  mo«intaini^  die  aS^ 
11  wry  diy,  as  De  L4ic«brerv6d  it  to  ix  on  fome  ^ 
thofe  in  the  nei^Mbouthood  of 'GeMva;  ^ 

A  confidenble  patt  of  the  vapour  diflolTed  in  ^ 
rir  woM  feparate  as  tt  lifes,  independent  ^  coMI 
When  «c  raicfy  the  air  in  the  receiver  of  an  airi 
pump,  the  operation  is  always  actendtd  'with  atniffti 
ndk  and  opacitf  in  it,  which  is  o^ing  t!o  the  vapfAi( 
boiiig  incapable  of  raadadion  beyond  a  ceitain  del 
giae,  widiout  a  part  of  it  condenfing  and  funi) Ain^ 
heat  to  the  increaTed  capacity  of  the  rennundtr^ 
wtheru'lfe  tt  could  tiot  exift  in  this  rarefied  ilate,  as  t 
hxtc  endeavoured  to  <hew  in  a  following  ct&y,  oh 
dMc  tealbn  why  the  filling  of  the  barometer  Is 
feneratly  aRtendcd  with  fnew  or  rain. 
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In  a  few  inftanccs,  vapour  of  wattr,  and  even  < 
other  bodies,  mav  be  fnund  flill  hiphcrthan  the  topS  "' 
of  the  highcft  mountains  j  and  meteors,  if  ihcy  are 
not  folid  bodirs,  are  cither  produced  from  vnpour 
riling  to  a  prodigious  hrif^ht  in  the  armofphere,  o^(^ 
are  a  confcquencc   of  that    vapour.     We  do   ndbfl 
fufficiently  underfland  the  nature  of  thefe  bodie*;" 
tfuc  from  the  attention  that  is  for  the  future  likely  to 
be  beftowed  upon  them,  we  have  reafon   to  hope.  _ 
that  we  {ball  foon  become  belter  acquainted  wiC^|^ 
lliem.     The  vapour  anfmg  from  fome    fubfhuw^^ 
Uill  not  combine  at  all,  or  only  in  a  fmall  quantity, 
frith  the  air.     The  fubftnncc  known  by  the  name  of 
inflammable  air  is  of  this  kind,  and  as  it  is   much 
larer  than  common  air,  it  may  rife  to  a  very  great 
height  in  the  aimofphere.     Wc  do  not  yet  know 
exadly  the  height  to  which  meteors  rife,    though 
the  lad  one,  it  was  imagined,  was  not  very  high.    If 
thcfc  bodies  are  really  produced  by  eiedlricity  very 
high  in  the  air,  this  may  arife  from  the  vapour  of 
bodies  getting  into  a  different  ftate,  and  condenfing 
into  water  or  fnow.     By  fomc  late  experiments,  it 
tias  been  found,  that  water  converted  into  vapour 
by  a  fire  whofe  clecftrical  communication  is  cut  off 
by  fctting  it  on  a  glafs  plate  that  was  cooled  on  one 
fide,  gives  an  eleftrical  fpark  every  time  water  is 
thrown  upon  the  coals.     The  vapour  that    ifliiei 
muft  therefore,  in  its  natural  Aate,  contain   either 
left  or  more  electricity  than  the  water  from  which 
fx  wai  produced,  and  after  riling  to  fuch  a  great 
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height  as  to  be  out  of  the  reach  of  my  conduSing 
fubftance^  a  part  of  it  may  very  fuddenly  condenfib 
ioto  water ;  the  whole  would  become  charged  with 
eleftricity  either  pofitive  or  n^ative*  The  dedricity 
in  the  cloud««  it  is  Bot  improbable,  may  arife  from 
vapour  condenfing  into  rain,  or  freezing  into  {how 
or  hail,  and  the  clouds  being  plus  or  minus,  may 
depend    on    the   conden&tion  beii^   either  from 
vapour  into  rain,  or  vapour  into  fnow.    We  have 
jrcafon  to  exped  eledrical  appearances  wherever  the 
vapour  of  bodies  reaches,  and  this  de&ricity  arifing 
from  a  partial  conden(ation  of  vapour  or  feparatioii 
of  it  from  the  air,  may  greatly  affed  the  pait  of  the 
vapour  which  ftiU  remains  combined  with  air,  and 
difpofe  a  part  of  it  to  feparate  (boner,  and  the  reft  to 
rife  to  a  greater  height  than  it  otherwife  would  have 
done.    It  feenvi  to  be  alfo  extremely  probable,  that 
the  afcent  of  vapour  and  its  difpofition  to  feparace 
from  the  alr»   depend  much  on  the  flate  of  the 
gtmofphere  with  regard  to  clc&ricity.     But  this 
I  IbaU  not  at  prefent  difcufi; 
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lilt  greateft  part  of  the  water  which  is  evaporated 
from  the  furface  of  this  earth  by  the  heat  of  the  fun, 
defcendi  again  in  rain.  The  reft  falls  in  the  form  6( 
ihow,  hail,  and  dew.  Rain^  fnow,  and  hail  fall  in 
great  quantities  at  one  time,  and  not  at  ail  in  another; 
but  there  are  few  days  in  which  there  is  no  dew. 
The  quantity  of  rain  greatly  exceeds,  at  Icaft  in 
temperate  climates,  the  quantity  of  fnow  and  hail, 
and  may,  therefore,  be  confidcred  as  the  principal 
caufc  of  that  conftant  defccnt  of  water  in  fountains 
«id  rivers  from  the  higher  to  the  lower  parts  of  this 
^lobe,  upon  which  the  exiftence  of  vegetables  de- 
pends, and  by  whofe  means  this  earth  becomes  a 
licalthful  as  well  as  delightful  habitation  to  man. 

The  quantity  of  rain  is  different  at  different  fcafons 
of  ihc  year,  m  diftercnc  climates,  and  in  ditferent 
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Situations  in  the  fame  climate.  More  falls  near  high 
mountains  than  in  the  fame  latitude  in  a.  level 
country.  Many  inflruments  have  been  contrived, 
by  which  the  quantity  of  rain  may  be  meafured  with 
tolerable  accuracy.  By  incans  of  obfervaiions  made 
with  thcfc  inftrumenis,  it  has  been  found,  that  the 
quantity  of  rain  in  one  pUc£  is  ofcen  double  that  at 
another,  though  the  dirtance  between  them  be  but 
fmall.  The  quantity  of  rain  in  fome  parts  of  Lan- 
cashire is  nearly  doub)e  U'hat  falls  in  London.  The 
quantity  of  rain  in  London  and  Paris  is  nearly  the 
fame,  though  the  difiance  of  thofe  places  is  not  Icfs 
than  that  between  Kippon  in  Lancalhire  and  Lon- 
don. The  quantity  of  rain  at  Pifa  in  Italy,  a  place 
fitttftted  40'  37*  W.  or  7"  South  of  London,  is  much 
greater  than  M  London  or  Paris,  and  equals  that  in 
Xancaihirc.  This  is  the  more  furprifing;,  when  vi.-e 
confidtr.ihat  Pifa  is  but  five  miks  from  the  fea.  It 
■i*  in  geneial  agreed,  thae  there  is  more  rain  in  the 
tnnperate  than  the  torrid  zone,  more  in  a- high  than 
*  low  latitude.  In  certain  firuations,  however,  ihis 
4ocs  not  take  place.  The  neigfabourtiood  of  high 
land  will  make  a  place  mucK  more  lainy  chat)  it 
othcrwife  voukl  hiire  been.  Ei-ery  perfon  h.T»  ob- 
ferved  that  ie  frequently  rains  on  the  tops  of  hilU, 
while  it  is  fair  in  the  low  country.  When  there  is 
mure  raia  in  a  place  near  the  equator  than  in  another 
at  a  confiderable  difiance  from  it,  we  generally  find 
that  high  land  .near  the  mort  equatorial  place  it  the 
faufe  of  the  exception  to  the  general  rule.     TbooglK 
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fwCver,  the  quantity  of  rain  near  the  equator  may, 

im  neighbouring  high  land,  pqutl  or  even  exceed 
that  in  places  near  the  poles,  yet  the  number  of 
rainy  days  is  greater  in  the  leraperate  than  in  the 
torrid  zones  and  greater  in  thofe  parts  of  the  tem- 
perate Zone  which  are  farthetl  from  the  equator. 
In  many  places  near  the  equator,  the  quantity  of 
rain  is  as  great  as  any  where  in  Briuin,  but  the 
whole  of  this  rain  falla  in  a  few  days,  whereas  with 
UB.  it  rainE  70  or  80  days  of  the  year  at  a  mediuin.' 
This  difference  in  the  time,  in  which  a  given  quao- 
tity  of  rain  falls,  will  occafionagreai  difference  in  its 
effedb  upon  the  foil  of  the  two  countri^.  In  the 
one  country,  the  rain  falls  in  torrents.  The  greateft 
part  of  it  runs  with  violence  along  the  furfaceof 
the  ground,  del^roying  vegetables  and  animals,  car- 
rying the  foil  along  with  it,  and  but  little  gets  time 
to  fink  into  the  ground,  fo  as  to  fcrvc  for  the  rc- 
frelhment  and  growth  of  v^etables.  On  the  con- 
trary, where  rain  falls  gradually,  a  great  part  of  it 
penetrates  the  foil,  and  fcrves  as  nourifliment  for 
vegetables  ;  the  reft  appears  again  at  a  conliderable 
dillance  in  the  form  of  fprings  atKl  fountains. 

We  cannot  judge  of  the  moiAure  of  a  country 
being  barely  told  how  much  rain  falls  in  a  year. 

country  may  be  very  dry,  though  more  rainfall* 
in  it  in  a  year  thao  in  any  part  of  Great  Brttaiai 
yet  the  whole  of  this  idand  is  to  be  recJcooed  moift. 
Were  it  to  rain  with  the  vielcnce  it  doea  in  ^rot 
places  oeac  the  rquaioTj    30  or  22  inches  of  raw 
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might  fell  in  ten  days.     But  though  this  quantity 
rain  be  confiderablc,  if  there  be  no  more,  there  would 

be  2SS  ^'^y  ^*y^  '"^'^  '°  *^^  **""  "-^^^  y^i"  i  the 
air  would  be  in  general  dry,  and  the  climate  indead 
of  being  reckoned  moifl:  would  be  well  entitled  to 
the  charafter  of  drynefs.  Twenty,  or  22  inches  is  the 
quantity  of  rain  nearly  in  Great  Britain  in  a  year; 
but  a  part  of  this  falling  alnioft  every  day,  gives  a 
great  degree  of  moifturc  to  the  air;  a  great  part  is 
abforbcd  by  the  leaves  of  plants,  and  moft  of  the 
reft  finks  into  the  earth.  The  climate  is,  thereft 
Well  entitled  lo  the  charaifter  of  a  moift  one. 

As  the  lime  in  which  a  given  quantity  of  rain  falii^ 
has  fuch  different  cft"e(fis,  it  would  fcem  proper  in 
every  regifter  of  rain  to  mention  particularly,  not 
only  the  quantity,  but  how  many  days,  hours,  and 
minutes  it  continued  to  rain.  If  one  knew  how 
much  rain  penetrated  the  earth  in  a  given  time,  a 
rule  might  be  made  from  which  its  effefts  in  moiftcn- 
ing  the  earth  might  be  difcovercd.  The  effcifl  within 
certain  limits  would  be  in  the  compound  ratio  of 
the  quantity  of  rain  and  time  it  rained.  Thus,  if 
ten  inches  of  rain  fell  in  one  place  in  a  week,  and  it 
rains  in  another  ten  week*  in  half  a  year,  and  the 
■quantity  of  rain  is  alfo  ten  inches,  one  furely  could 
not  be  very  far  wrong  in  faying,  that  the  effed  of 
the  rain  in  moiftening  the  foil  and  air  of  thcfe  two 
places,  would  be  as  10  to  rco,  oras  i  to  10.  Though 
in  this  cafe,  we  have  fuppofed  the  quantity  of  rain 
to  be  exactly  equal  in  the  two  places,  yet  ten  times 
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the  quantity  of  rain  vfill  penetrate  the  (bil^where 
it  rains  ten  weeks^  than  penetrate  it  vhere  it  rains 
but  one  week.  Where  it  rains  ten  inches  in  a  week^ 
the  greateft  part  of  it  will  immediately  run  off  the 
foil  towards  rivers  and  other  fuperficial  flreams  of 
water,  and  fwell  them  foon  to  a  deftrudtive  fize* 
Very  little  will  fink  into  the  foiU  and  but  little  will 
be  evaporated.  The  airj  therefore,  will  in  general 
be  dry.  Where  it  rains  ten  inches  in  ten  weeks^ 
very  little  will  run  off  the  foil,  or  get  immediately 
into  rivers.  The  greateft  part  will  fink  into  the 
earth,  and  either  enter  into  the  compofition  of  vege* 
tables  and  minerals,  or^  after  running  a  great  way 
below  the  furface^  will  burft  out  in  the^orm  of 
fprings  and  fountains,  whofe  conftant  ftream  will 
fupply  the  rivers  gradually  with  clear  water,  make 
them  glide  gently,  fmoothly,  and  uniformly  along, 
and  neither  raife  them  to  fuch  a  (ize  as  to  be- 
come turbulent  and  deftrudive  torrents,  nor  fur* 
nifli  a  fupply  fo  fcanty  that  their  channels  (hall  be- 
come dry. 

If  one  had  been  difpofed  to  be  a  little  more  ac« 
curate,  fome  allowance  ought  to  have  been  made 
on  account  of  the  greater  degree  of  drynefs  which 
the  (oil  would  acquire  in  the  place  where  it  rained 
but  a  week  in  half  a  year.  We  may  eafily  fuppole 
that  the  foil  in  this  dry  climate  will  imbibe  moifture 
more  greedily,  and  that  much  more  rain  would  fink 
into  it  in  the  fame  time.  But  though  this  be 
grtated^  the  ttkSt  will  evidently  be  greateft.  when 
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the  rain  begins  to  fiUI,  and  will  become  very  littlr 
the  moment  the  furface  of  the  ground  ia  moiftcned. 
After  every  dedudion  made  on  this  account,  it  mull 
ftill  be  admitted,  that  the  cffed  of  the  rain  in 
moiftcning  the  foil  and  air  would  at  Icaft  be  ciglil 
or  nine  times  greater  in  the  places  where  it  rains 
ten  weeks  in  half  a  year»  than  where  it  raios  ot^-m 
one  week. 

h  wQuW  therefore  be  proper  to  pay  fomc  ut£ 
tion  to  the  time,  as  well  as  to  the  quantity  of  rain,  if 
we  wifh  to  have  a  proper  notion  of  the  moifture 
of  any  country.  Though  this  rule,  however, 
be  ufeful,  it  is  by  no  means  meant  that  it  is  ] 
fciflly  accurate.  For  there  is  evidently  a  certain  vel 
city,  with  which  if  rain  fall^  the  whole  of  it  will  be 
abforbed  by  the  earth.  If  the  rain  fall  with  ftill  lef* 
velocity  in  another  p!^e,  the  whole  would  alfo  be 
abforbed.  If  the  effe*5t  of  rain  upon,  the  charafter 
of  a  climate  were  in  the  compound  ratio  of  the 
quantity  and  time  it  takes  to  fall,  the  lali  of  thefe 
places  fhould  be  much  more  moift  than  the  firft  -, 
becaufc  the  quantity  of  rain  multiplied  by  the  time 
gives  the  grratcft  produd.  Ia  the  place  whew  it 
rains  for  the  loiigeft  time,  indeed,  more  of  the  rain 
will  be  evaporated,  and  the  air  may  be  rooiftcr  for 
a  while.  But  independent  of  this  circumftance, 
the  efFetft  of  the  rain  in  motft^cning  the  earth  in  both 
cales  is  exadly  the  fame,  and  is  proportional  to  the 
quantity  of  rain.  If  one  could  difcovcr  how  mucb 
rain  penetrates  the  foil  In  a  given  time,  or  mhoi 


Hfttc  tHe  diflcrenctSL  in  diis  tefpedl  in  different  fM9i 
k  mnld  not  be  difficult  to  adapt  the  rule  to  all 
Mb.    But  it  is  not  meant  at  prefent  to  fuggeft  any 
more,  than  that  fomething  befides  the  quantity  of 
rain  in  a  country  muft  be  knovn,  before  the  degree 
of  moiiture  in  the  foil  and  air  of  that  count rj,  or  ici 
difpofition  to  rear  plants,  can  be  difcovered^    Btk 
lldet  the  quantity  of  rain  and  the  tinne  it  hlh,  tht 
quantity  of  dew  and  fnow  may  hsLvt  ii^uence  on  the 
moifture  of  a  country.    The  quantity  of  fnow  com^ 
bined  with  the  time  it  takes  to  melt  will  have  efied* 
limilar  to  yiolent  or  gentle  rain. 

Places  where  there  is  feldom  either  rain  or  (how 
may  be  fuffieiently  moift  by  being  fubjedt  to  inun- 
datibns^  from  the  fwelling  of  rifers  by  rain,  whick 
has  fallen  in  another  region;  or  they  may  be  fup^ 
plied  with  moifture  in  a  great  meafure  by  dew^^ 
£^pt  is  a  country,  in  which  according  to  authors^ 
it  feldom  or  never  rains.  It  is,  however,  veiy  ier^ 
tile,  and  the  fertility  depends  on  the  finl  being 
partly  foaked  by  the  annual  overflowing  of  the 
Nile  I  the  reft  is  fuppKed  with  moilhire  from  dew^, 
or  ftom  the  rain  which  has  fonk  into  the  earth  iH 
^e  higher  parts  of  the  country. 

The  rain  whkh  falls  in  a  year  is  not  equally 
dHlributed  throughout  the  year.  In  the  colder  panb 
«f  fee'  temperate  zone,  more  rain  &lls  in  wihtdr 
'Aim  in  ftinimer ;  and  in  winter,  the>  month  of  Ki3u 
^mnber  arid  end  of  Oftober,  and  themondiof  J«^ 
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nuary  and  beginning  of  February,  arc  wetter 
reft  of  the  winter  months.  In  almoft  every  part 
this  earth  a  great  deal  of  rain  falls  near  the  vernal 
and  near  rhe  autumnal  equinoxes.  It  is  not  csfy  to 
account  for  this  unequal  dinribution  of  rain.  Many 
have  endeavoured  to  explain  it,  but  few  have  fuc- 
cecdcd.  It  may  perhaps  appear  furprifing,  that  the 
caufe  of  fo  conimoa  a  thing  as  rain  fhould  have 
been  fo  long  undifcovered,  and  it  might  perhaps  be 
conlidcrcd  as  a  proof  of  the  fmall  progrefs  which 
natural  philofophy  has  hitherto  made,  were  it  not 
that  we  frequently  find  in  other  things  that 
tnoft  common  arc  the  moft  difficult  to  explain. 

The  ancient  account  of  rain  is,  that  the  vapour 
in  the  clouds  was  comprefTcd,  and  its  particles 
driven  together  by  the  wind,  in  confequcnce  of 
which  it  immediately  fell  down  in  rain.  To  this 
Lucretius  adds,  that  the  heat  of  the  fun  adUng  upon 
the  clouds  melts  rain  out  of  them,  and  produces  it 
in  the  fame  manner  as  wax  is  melted  before  the  fire. 
Many  of  the  modern  Solutions  arc  not  much  more 
fatisfadory.  It  is  very  generally  admitted  that  the 
condenfation  of  vapour,  which  is  raifed  from  water 
by  the  fun,  is  the  immediate  caufc  of  rain.  The 
only  objeifUon  to  this  opinion  is,  that  in  fome  places 
more  rain  falls  in  a  year  than  is  evaporated  by  the 
fun  in  the  fame  time.  This,  however,  does  not 
always  happen,  and  the  quantity  of  rain  is  as  often 
ijnaller  u  greater  than  the  water  cvapotated.    The 
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difference  in  both  cafes  is  eafily  accounted  for« 
The  lightne6  of  vapour  renders  it  eafy  for  winds 
to  trahfport  it  far  from  the  place  of  its  forma- 
tion, and  accumulate  it  in  one  part  and  diminifh  it 
in  another. 

But  though  it  be  admitted  that  rain  arifes  from 
the  condenfation  of  vapour,  flili   it  is  not  eafy  u 
underftand  why  it  falls  at  one  time  and  not  at  ano^- 
ther.     We  Ihould  rather  expedl  that  vapour  fhould 
be  conflantly  condenfing,   and  therefore  that  rain 
fhould  fall  every  day ;  for  during  every  day  a  con- 
fiderable  quantity  of  water  is  evaporated  and  carried 
immediately  to  a  confiderable  height  above  the  fur- 
fece  of  the  earth,  where,  we  know,  there  is  always  a 
great  degree  of  cold.     This  ihould  condenfe  the 
vapour,  and  make  it  conftantly  defcend  in  rain.    Or 
if  the  vapour,  as  feems  moft  probable,  be  diflblvcd 
in  air  as  fad  as  it  is  formed,  this  air  ought,  as  fooh 
u  it  is  cooled,  to  part  with  a  quantity  of  that  wa- 
ter which  the  heat  had  enabled  it  to  diflblve.     We 
(hould   therefore  always  have  rain  when  air  contain- 
ing vapour  is  cooled,  and  this  mufl  take  place  every 
day.    This  does  not  happen,  however,  fo  far  as  is 
known,  in  any  climate.     Wc  find  indeed  that  dew 
falls  almoft  every  day  every  where.     The  condenfa-. 
tion  of  vapour  by  cold  may  therefore,  perhaps,  be  the 
caufe  of  dew,  at  lead  of  that  part  of  it  which  falls. 
But  part  of  what  is  called  dew  docs  not  arife  from 
condenfcd  vapours,  or  from  a  feparation  of  water 
from  air  in  confequencc  of  cold,  but  is  formed  from 
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the  condcnfation  of  the  watery  vapours, 
plmu  pcrfpirc.  This  vapour  is  not  vlfibJe  in  thi! 
day  time,  bccaufc  the  air  is  then  heated,  and  in^^ 
flantly  difToIvcs  it.  But  during  the  night  when 
the  air  is  generally  colder,  many  plants  fccm  to 
fmoke,  and  a  part  of  this  vapour  coiidenles  into 
drops  of  water.  If  the  night  be  not  colder  than  the 
day  nocondenfation  will  take  place.  Let  us  fuppofe 
that  all  dew  falls  in  confequence  of  the  fcparation  of 
vapour  from  air  by  cold :  if  the  night  be  warmer 
than  ihc  day,  no  dew  ought  to  fall  ;  if  the  nig 
(scolder  at  the  beginning  and  warmer  towards  d 
end,  the  dew  produced  at  the  beginning  of  the  I 
by  cold  may  be  evaporated  again  before  morniqj 
or  the  heated  air,  whith  kept  the  vapour  dilTaJw) 
and  from  which  dew  ought  to  have  been  formed  1 
cold,  may  be  carried  to  a  great  dillancc  by  the  v 
lliiftiiig  and  becoming  colder  and  drier. 

When  wind  is  very  cold,  little  moiHure  will  J 
evaporated  (    and  bcfidcs,  in  this  cafe  there  Is  1 
difference  between  the  heat  of  the  day  and  thai 
the  night ;  and   therefore  during  cold  winds,  eiN 
thing  clfe  being  cijtial,  there  fhouid  be  leail  ds0 
Even  during  cold  winds  there  may    be  dew,  if  \ 
heat  of  the  day  and  night  differ  confiderably.     TliM 
is  generally  much  dew  when  the  wind  blows  f^ 
the  fouth,  cfpccially  riear  tlie  equinoxes,  when  ,j 
differeiKe  between   the  heat  of  the  day  and  night  ft" 
grcateft.     This  is  often  moft  evident  io  autumn.  In 
fummer  the  beat  of  the  night  ditfers  kiK  Aomibli 
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9f  the  day,  and  the  dewi  are  in  fmaller  quantity.  It 
iiuiy  even  haf^pen  durif^  the  continuance  of  warm 
Winds  that  there  (hall  be  no  dew,  provided  the  nigfft 
be  as  wamii  or  warmer  than  the  day. 

It  has  been  long  obferved,  that  during  nofth-eaff, 
Or  eaft  winds,  there  is  little  dew  in  this  country^ 
Ariftotle  obftrves,  the  fame  was  the  cafe  in  Greece, 
und  that  the  fouth  wind  always  produced  thegreateft 
dews.  He  owns  indeed  that  in  Pontus  the  norths 
eafl:  wifid  wasf  often  accompanied  with  dew,  which 
be  ii  not  furprifed  at,  becaufe;  according  to  him,  the 
▼apour  raifed  by  the  north-eaft  wind  is  greater  than 
that  produced  even  by  the  fouth  winds,  as  is  evidently 
proved  by  obferving  that  wells  fiirioke  moft  during  a 
north  wind. 

But  though  the  mere  change  of  temperature  be 

liifficient  to  account  for  dew^  it  will  not  explain 

why  rain  falls  only  at  certain  times.      Some  have 

imagined  that  the  principal  caufe  of  rain  arifes  froita 

an  efiedl  which  the  higher  parts  of  the  earth  have 

upon  air  loaded  with  moifture.    It  is  a  common 

liblbrvation  that  hilly   countriey  have  more   rain 

than  places  where  the  ground  is  afmoft  level.  The 

tops  of  mountains  have  frequently  clouds  hanging 

over  them,  when  none  are  to  be  fcen  any  where 

elfe.    Thefe,  it  is  imagined,  are  proofs  of  the  high 

jgroand  attra&ing  the  moifture  from  the  air  loaded 

with  vapour,  with  which  it  is  in  contaA.     But  the 

fow  or  level  Country,  being  far  below  that  part  of 

the  air  to  which  the  vapour  is  difpofed  from  its 
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fyccific  gravity  to  afccnd,  has  little  or  no  cflad 
upon  it.  According  to  thi^  do^rine,  rain  can  onlf 
be  cxpeded  in  a  low  country,  when  the  whole  air 
to  the  very  furface  of  the  earth  is  loaded  with  va- 
pour. But  this  accourit  is  not  quite  fatisfa6lory.  If 
it  were  well  founded,  we  {hould  expe£t  that  it 
fhould  rain  more  or  lefs  every  day  on  the  tops  of 
hills  ;  and  when  it  rained  in  one  part  of  a  level  coun- 
try it  might  be  expeifled  that  it  fliould  in  the  whole. 
Bui  neither  of  thcfe  arc  agreeable  to  experience. 
With  regard  to  the  fiift,  we  are  certain,  that  for 
many  days,  and  even  weeks  together,  there  is 
rain  even  on  the  tops  of  the  highefl  mouncaii 
Neither  does  this  theory  help  us  to  explain  whyi 
every  climate  fome  months  a:e  wetter  than  oihcn. 
Perhaps  by  a  little  pains  this  theory  might  be  fo 
fer  improved,  as  to  ^rce  fomewh-it  belter  with 
the  phenomena;  but  many  difBculiies  would  HiJl 
remain. 

Thus  it  might  be  fuppofcd  that  wind  compn 
iheair  loaded  with  vapour,  and  difpofes  it  to 
with  it  in  the  form  of  rain  ;  that  the  hills  oppofii^" 
the  motion  of  the  air  make  it  meet  with  more  com- 
prelTion  there  than  in  a  low  country;  that  oppofuc 
winds  blowing  upon  the  oppofite  fides  of  a  hilt,  and 
both  meeting  with  refiftancc,  the  air  on  each  fide 
is  greatly  comprefled,  and  made  to  part  with  the 
whole,  or  a  part  of  the  moilture  which  it  contained. 
But  though  this  is  Ariflotlc's  opinion,  and  has  alio 
been  revived  among  the  moderns,  it  does  not  ex- 
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{ilain  why  rain  fhould  fall  when  there  is  little  or 
no  wind^  and  why,  even  in  hilly  countries^  the 
wind  is  very  llrong  without  rain«  and  the  falling  of 
Jiain  is  often  found  to  moderate  the  violence  of  the 
wind.  Another  caufe  of  rain«  which  has  been  men^i 
lionedj  is  thunder.  It  is  commonly  obferved  that 
irain  or  hail  follow  thunder.  .  It  is  imagined  by  fome» 
that .  the  ftrokc  which  the  air  receives  upon  the 
luxrfting  of  a  thunder  cloud  brings  the  particles  of 
vapour  in  it  into  clofer  contad ;  they  therefore  run 
loftantly  tpgether  by  attradlion^  and  rain  is  thuf 
produced.  That  fomething  remarkable  happens  ia 
foch  circumftances  is  proved  by  obferving^  that  whea 
a  great  number  of  cannon  is  fired,  as  in  confequence 
of  an  engagement^  the,  diredion  or  violence  of  the 
wind  is  often  altered. 

To  thofe  acquainted  with  the  cSt6ks  of  elec^ricitf 
snore  fpecious  reafons  will  occur ;  fuch  as  the  fud« 
den  contraAion  of  any  very  light  body  contained 
in  the  air,  in  confequence  of  its  eledrical  (late 
being  altered.  The  fmoke  of  rofin  and  other  bodieg 
of  a  limilar  kind  extends  to  a  great  diftance  upon 
being  eLe<5trified>  either  pofitively  or  n^ati vely,  and 
fuddenly  contrads  itfelf  upon  being  reftored  to  a 
natural  or  quidcent  flate.  That  cIcAricity  is  one 
ctuie  of  rain,  receives  greater  fupport  by  obferving^ 
that  Tdtn  w^ter  ihews  itfelf  frequently  elcArified  in  a 
fyiaii  degree  even  after  it  has  reached  the  earth.    J)^ 

Ufc  author  is  difpofed  from  this  to  explain  why 
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plants  watered  with  rain  water,  or  water  which  hat 
been  long  cxpofed  to  the  air,  grow  with  greater  vi- 
gour, and  become  more  pcrfcft  in  all  their  pam, 
than  the  fame  plants  in  a  fimilar  fituation  wa-  ■ 
tcred  with  well  water.  He  obfcrves,  however,  that 
this  difference  ceafcs  upon  clciftrifying  the  well 
waKr  before  ufing  it,  by  fctting  the  gardener  with 
his  watering  pan  in  his  hand  upon  a  cake  of  rofin, 
and  giving  him  a  communication  with  an  eieihicil 
machine  in  motion.  But  though  thcfe  circum- 
ftances  fhew  that  rain,  and  elcdricity,  or  thunder 
are  often  joined,  yet  we  frequently  find  great  rains 
without  thunder,  and  that  thunder  is  generally  at- 
tended only  with  violent  fliowers  of  (hort  duration. 
Efeftrieity  may  have  fome  connexion  with  thunder 
ihowers,  and  may  be  conlldered  by  many  as  ac- 
counting fufficicntly  for  them ;  but  it  does  not  fijffi- 
ciently  cVpIain  thofe  frequent  and  long  continued 
rains,  which  arc  not  accompanied  with  thunder, 
where  no  extraofxJinary  mirks  of  the  clctflrical  fluid  io 
a  very  active  ftate  can  be  perceived, 

Moft  pcrfons  who  have  endeavoured  to  account 
for  rain  have  attempted  to  ufc  only  one  principle 
for  that  purpofe.  I  fhould  imagine,  that  the  prin- 
cipal mi/takc  lies  here,  and  that  rain  may  be  pro. 
^uced  from  fcveral  caufes,  and  that  all  the  caufcs 
-vliich  have  been  mentioned  (bmetimcs  may  have 
Tionffderable  cRcfi:  in  producing  it.  It  fcldom  how- 
ever happens,  that  only  one  of  them   is  concerned 


in  it.  Thunder^  and  wind,  and  high  mountains,  and 
cold  have  all  at  times  a  tendency  to  occafion  rain. 
But  all  of  thefe,  excepting  the  h&,  are  rather  afliftants 
than  principals^  and  fomc  other  circumftances  mult 
be  taken  into  account  before  their  full  efFedt  can  be 
afcertained.  Of  this  kind  is  the  alteration  in  the 
ftate  of  the  air  before  rain  falls^  and  which  is  indi- 
cated by  the  falling  of  the  quickfilvcr  in  the  barome- 
ter, and  the  efitdls  ariiing  from  contrary  winds  meet" 
ing,  and  mutually  aflfeding  the  moifture  mixed  widi 
the  air  in  each* 

The  barometer  generally  falls  before  rain.     The 
preflure  of  the  atmofphere  is    therefore  evidently 
diminiihed,    and  if  vapour  were   merely  diffufed 
through  air,  and  not  diflblved,  it  (hould  be  difpofed 
to  extend  itfelf  and  dilate  inftead  of  contradling* 
Notwithftanding  this  we  commonly  find,  that  nu- 
itfadUon  of  the  air  is  accompanied  with  an  imme^ 
diate  feparation  of  the   moifture  contained  in  it. 
Of  this  we  have  a  proof  from  what  happens   while 
the  air  is  drawing  out  from  the  receiver  of  an  air- 
pump*    At  a  certain  period,  during  the  exhauftion^ 
the  receiver  becomes  muddy,  and  drops  like  dew 
in  a  little  time   fettle  on  the  fides  of  it,  and  the 
whole,  from  being  opaque,  becomes  perfeftly  tranC 
parent.    If  after  the  air  in  the  receiver  has  become 
opaque  in  conlequence  of  exhauftion,  the  air  be 
fuddenfy  liet  in,  the  opacity    inftantly    difappears. 
From  this  it  is  evident  that  rarefying  of  air  contain^ 
ing  vapour  difpofes  the  fnoifture  to  feparate,  and  as 
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t|ie  falling  of  the  barooieter  fljcws  a   fimilar 
refadion  tn  the  atmofphcre,  the  fame  Gepaiation  ol 
water  ftwuld  take  place.     The  reafon  why  the  dimi- 
nution of  preffure  in  air  containing  vapour  dtfpofia 
it  to  part  with  its  moifture,  and  produce  raio^J 
Hiall  sow  endeavour  to  explain. 

Soon  after  the  baronieter  was  invented, 
ob&rved  that  the  mercury  io  it  did  not  always  Hand 
at  the  Qmc  height,  Thefc  alterations  in  height  were 
foon  imagined  to  be  connediied  with  vanations  in  th 
•weather,  in  confequencc  of  which  barometer  and 
■weathcr-glafs  became  lynonynious  terms.  The 
range  of  ^he  mercury  in  Europe  at  the  level  of  the 
fea  is  about  three  inches  ;  at  each  half  inch  of  which 
is  placed  a  word  exprcdive  of  the  weather  it  indi- 
cates. Alter  many  obfcrvations,  however,  it  has 
been  found  that  the  feme  kind  of  weather  docs  not 
invariably  occur,  when  the  mercury  Hands  at  the 
fiime  part  of  the  fcale.  But  notwilhftoiiding  many 
occafioiwl  irregularities  there  is  in  general  reafon  Io 
expert  fair  weather,  when  the  mercury  rifes,  and 
iu  fall  is  freijuently,  chough  not  ^waya,  followed 
by  rnin.  Why  the  (Inking  of  the  mercury  is  com- 
mrwily  fijcecdcd  by  rain  is  a  queltion  which  has  in- 
tetefttfd  the  natural  philofophcjs.  They  feem  in 
general  to  have  admitted  the  method  of  accounting 
for  this  phenomenon,  which  was  firft  propofed  to 
them,  withouc  examining  very  minutdy  into  it. 
Thu  cspIanaCion  appears  to  me  to  be  attended  with 
bns  djlhculties.      The  principle  on    vlucb    d^ 


^eory  depends,  is  that  a  great  quantity  of  vapour 
is  conftantly  riling  from  all  the  parts  of  this  earth; 
that  this  vapour  is  mixed  with  the  air,  and  that  this 
inixtttre  of  air  and  vapour  is  heavier  than  pure  air« 
As  Idng  as  the  barometer  remains  at  the  height  at 
which  it  ftood  when  the  vapour  was  formed,  it  ii 
ftrfpended.  When  the  barometer  falls,  and  the 
trir  becomes  lighted,  the  vapout  can  no  longer  be 
fufpendcdj  but  defirends  in  the  form  of  rain  or  fnow^ 
according  to  the  particular  heat  of  die  weather .  at 
the  time.  One  great  difficulty  which  attends  thijl 
iiypothefis  is,  that  it  is  not  cafy  to  cbnceive  updn 
thefe  priilciples  how  the  vapours  can  mfcend  to  fo 
great  a  height  in  the  atitlofphere.  The  air  at  the 
Surface  of  the  earth,  it  is  affertcd,  becomes  heavier 
^an  it  was  before,  in  confequencfe  of  being  mixed 
Ivitli  vapour.  One  would  expedt  this  mixture  of 
air  and  vapour  to  hover  on  the  furface  of  the  earthy 
inftead  bf  riiing  to  fuch  a  height  above  it,  as  ex- 
perience (hews  thit  it  does;  This  is  perfedliy  con- 
trary to  what  happens  in  other  CafeSj  where  we  al- 
ways find  that  the  denfer  body  finks  inftead  of  rifing 
through  the  rarer.  In  the  pil^fent  infi:ance  the  va- 
pours are  in  greater  quantity  at  a  confiderable 
lieight  above  the  furface  than  at  the  furface  of  the 
earth* 

In  order  that  the  vdpout  of  water  may  afcerid  into 
the  fbperior  regions  of  the  atmofphi?re,  it  is  nfeceflary 
to  admit!  that  vapour,  and  even  air  mixed  Ivith  va- 
pour is  lighter  than  pure  air;  and  that  it  is  fo  feenis 

K    2 


f44  ON     RAIN. 

evident  from  other  circumftanccs  befidcs  their  rifing 
to  fo  great  a  height.  The  vapours  produced  from 
water  at  the  boiling  point,  have  been  found  by  ex- 
periment to  occupy  eighteen  hundred  times  the 
fpacc  which  the  water  they  were  produced  from  oc- 
cupied. If  the  dcnfity  of  the  vapours  of  water  pro- 
duced in  the  ordinary  heat  of  the  wearher  be  the 
fame,  ihefc  vapours  (hould  rife  to  a  great  height  in 
the  atmofphere.  For  the  dcnfity  of  the  air  at  the 
furface  of  the  earth  in  the  mean  temperature  of  the 
weather  is  to  that  of  water  as  i  :  850,  and  the  dcn- 
fity of  vapour  at  the  boiling  point  is  to  that  of  water 
as  1  •  1800;  whence  the  dcnfity  of  air  is  to  that  of 
vapour,  as  j8oo  to  8;o.  Thefe  vapours  would  there- 
fore afcend,  independent  of  refinance  and  rarefaiflion, 
from  diminution  of  prefTure,  till  the  air  became  of 
the  fame  dcnfity  with  them,  which  it  would  be  at 
that  height  above  the  furface  of  the  earth,  when  the 
jii  could  occupy  more  than  double  the  fpacc  whicj 
it  dtics  at  prefenr,  or  where  the  mercury  in  the 
romcter  would  Hand  at  about  fourteen  inches.  Suj 
pofing  it  to  Hand  at  30  inches  at  the  level  of  the  fe 
this  would  be  at  the  perpendicular  height  of  fc 
miles  above  the  fea,  or  higher  than  the  highett 
mountains  in  this  globe.  That  vapours  really  rife 
to  a  great  height,  is  evident  from  the  tops  of  the 
Jiigheft  hills  being  perpetually  covered  with  fno' 
The  whole  of  the  vapours  raifed  from  water  do 
however  rife  fo  high,  on  account  of  their  progrefs  be-' 
ing  Hopped  by  the  refiltance  which  they  meet  with 
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in  their  paflage^  and  their  being  prevented  from 
fifing  perpendicularly  by  the  force  of  the  grinds. 

The  air  then  in  confequence  of  being  mixed  with 
vapour  ought  to  be  lighter  than  pure  air,  and  expe- 
rience has  proved  it  to  be  fo.  If  fpontaneous  va-i 
pour  be  not  fo  rare  as  that  produced  at  the  boiling 
point,  and  if  the  effed  of  heat  upon  it  be  the  fame 
as  on  airj  the  vapour  formed  in  the  ordinary  heat 
of  our  weather  ought  to  be  in  denfity  to  the  air  as 
850  :  1350.  The  denfity  of  the  air  is  the  fame  with 
this,  when  the  barometer  ftands  at  twenty  inches,  at  a 
height  about  two  miles  above  the  furface  of  the  earths 
But  vapour  rifes  higher  than  this,  as  is  evident  from 
the  obiervations  ot  the  French  academicians  in  the 
neighbourhood  of  Quito. 

All  experiments  confirm  the  opinion,  that  vapour 
is  much  lighter  than  air.  So  much  fo  that  if  it  pre- 
(erved  its  form»  in  the  firft  cafe  the  barometer  mufl 
fall  to  fourteen  inches  before  it  could  reach  the  fur-^ 
face,  and  in  the  fecond  to  twenty  inches  before  this 
could  happen.  But  as  the  barometer  feldom  falls 
lower  at  the  level  of  the  fea  than  28  inches,  thefc 
vapours,  if  no  change  happened  to  them,  would  ne- 
ver fall  down  again  to  the  earth.'  We  find,  however; 
that  they  do  fall  down,  and  how  this  fhould  happea 
is  more  difhcult  to  conceive. 

Onccaufe  of  the  defccnt  of  vapour  in  the  form  of 
rain,  in  confequence  of  the  barometer  falling  pro- 
bably depends  on  the  nature  of  vapour  with  regard 
10  heat.     It  is.  well  known  that  vapour  contains  much 
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more  heat  in  it  thart  the  w«ef  from  which  if  \v 
produced,  or,  what  is  the  fame  thing,  that  it  requir« 
more  heat  to  heat  vapour  to  any  degree  of  the  ther- 
mometer than  to  heat  warcf  to  the  fame  degree. 
And  It  has  lately  been  found  by  experiment,  that 
the  difference  is  greaieft  when  the  difference  of 
denfity  is  gfeatcfl  :  that  iJ,  there  is  more  heac  necef- 
fary  to  prcfervc  vapoor  in  the  form  of  an  claftic 
fluid,  when  it  occupies  a  lar^e  fpacc  than  when  il 
occupies  a  fnrall  fpaco.  But  the  fpace  u  hich  vapou* 
occupies,  as  in  all  elallic  fluids,  is  reciprocally  as  the 
force  which  comprelfes  it.  It  will  therefore  require 
more  heat  to  keep  water  in  the  form  of  vapour, 
when  the  barometer  is  lo*.  than  when  ic  is  high* 
That  this  is  the  cafe  is  evident  from  many  cxperi-i 
mcnts.  If  a  quantity  df  vapour  is  included  in  the 
receiver  of  an  air-pump,  and  a  thfrmomctcr  along 
with  it,  and  a  part  of  this  vapour  be  drawn  out  bf 
working  the  pump,  the  ihermometer  will  fink  as  th4 
quantity  of  vapour  diminifhcs,  and  the  remainder 
expand  fo  as  ftill  to  filT  the  receiver.  After  a  cer- 
tain time,  however,  the  ihermomcrcr  fuddcniy  rifes  to 
the  fame  degree  at  which  it  flood  at  firft'.  But  then 
the  vapour  divides  itfcif  into  two  parts,  one  becomes 
water  immediately,  and  in  doing  fo  gives  out  a  fuf- 
ficient  quantity  of  heat  lo  heat  the  vapour  to  the 
temperature  which  it  had  at  firll.  A  part  of  ihig 
experiment  every  perfoii  has  fccn  in  the  common 
pxhauftion  of  an  air-pump.  The  air  in  the  receiver 
»at  firft  peffeiftly  ttanfparcnt  j  when  the  pump  it 


mtdught  a  little;  it  1)icomes  imiAfy,  arid  a  nufrlbdl' 
of  drapt  of  Water  condcnfci  on  the  fide*  df  tft^ 
rccdVcr. 

At  arty  gJvtit  height  of  the  barometer,  there  in  a 
gfeat  quantity  of  txlpour  irttx#d  with  the  air,  art8  thfs 
im^rttiFe'  fe  lighted  than  pUre  aif .  This  vap6tf  f  H  af 
the  fame  temperature  with  <he  air  irt  it»  neighbour''', 
hood.  The  moment  the  barooictcr  falls,  this  va-^ 
pour  dilates  itfelf.  It  muft  immediately  ehher  be*, 
come  much  colder  than  before,  or  if  it  remaifts  6f 
the  fanie  fempertftiirb,  \t  muft  ditide  itfeif  itito  t#d 
parts.  One  ^art  defends  in  rain^  and  (he  hec^t  l^hich 
this  grten  out  ftrves  to  keep  the  rtoiclii>i(Fig  vitpopr 
iof  the  fame  tetn^rature  which  it  had  bdbftthe  dil^ 
tation  took  piace.  We  findaccofdirtgty,  ttef  this  dif  i«. 
fiofi  df  the  vapour  iilto  two  parts  takes  pfdCfe  priifci^ 
|3illyiri  the  higher  parts  of  the  at  mbfpheiie^,  aitd  it  is 
v^ell  kn&9ih  that  moiie  niin  falls  on  the  toips  of  bill^ 
thah  Oh  an  equal  forface  of  ground  \oV^v  dd#nf\ 
Why  this  divifibn  of  the  vsqxnir  doci  tm  al#ay6 
folldw  the  falling  of  the  barometer  is  Wot  altog^chtr 
fo  eafity  explained^  though  fomething  of  this  kind 
might  be  attempted  with  fuflicient  plaufibitity. 

The  1^(1  fource  of  rain,  which  I  ihall  mention, 
is  the  effeft  which  two  ftreams  of  air  differing  in 
temperature  have  upon  the  moiftu re,  which  each  fe*. 
parately  contained.  This  cfFc6t  has  been  frequently 
obferved.  Every  perfon  muft  have  noticed,  that  rain 
generally  fucceeds  a  fudden  change  nf  the  wind,  and 
tha^  it  is  very  feldcm  that  rain  £ills  in  great  quantity, 
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all  espemncntiil  philofophers,  have  obferved  th 
When  this  happens,  the  wind,  from  bring  northert 
becomes  fuddenly  fouthcrrJy,  and  the  different  dlM 
rcdtion  of  the  currents  is  moft  remarkable.  Itefom^ 
the  fctling  in  of  the  froft,  about  Chriftmas,  and  fm 
fome  time  after  it,  in  the  month  of  Jmuary, 
difference  of  the  temperature  of  a  north  and  that  t 
3  ftiwh  wiiid  are  perhaps  at  a  maximum  ;  and  great 
quantities  of  rain  or  ("now  ufuaily  fall  in  the  month 
of  November,  and  ai  the  end  of  January  or  begin- 
ning of  february.  This  cffe<ft  of  two  currents  of 
air  differing  much  in  hear,  is  moft  evident  at  the 
end  of  a  frofl,  and  is  ufuaiiy  accompanied  with  a 
■great  deal  of  rain.  But  this  is  nor  abfolutely  ncccf- 
■ftry.  It  may  happen,  that  a  thaw  may  be  produ- 
ced by  »  change  of  wind  towards  the  fouch,  without 
there  being  any  current  of  colder  air  in  an  oppofice 
dire<Sion.  We  need  not  be  furprifcd.that  fuch  athaw 
Oiould  be  accompanied  with  little  or  no  rain. 

Thcfe  oblervations,  which  every  pcrfon  muft  have 
made,  fcem  to  fliew,  that  two  currents  of  air  meet- 
ing, havca  confidcrable  Iharc  in  the  produi^tion  of 
lain.  Dr.  Hutton,  of  Edinburgh,  has  attempted 
to  flicw,  that  air  heated,  when  fuddenly  mixed  with  a 
quantity  of  colder  air,  immediately  will  be  attended 
with  a  reparation  of  water.  He  has  not  confirmed 
it  hitherto  by  experiment ;  but  it  feems  not  impro- 
bable, that  the  quantity  of  vapour,  which  a  gallon 
ot  cold  and  a  gallon  of  hot  air  can  keep  fufpendcd, 
when  fcparatCj  is  much  greater  than  two  gallons  of 
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fAt  ^  Aifwcmt  trmpMrture  cuH  tettiimt  mi  fham  iif 
G^fiftqomM  o#  the  iKi«ioi«tf  quttt^tf  «iir>^pcMfrwlll 
fepamt.'  This  iKf  find  t A  isiM-  pkce  in  <finiilaff 
iMkm^  Ifi  t«na€^i»  nM  hitH.  A  pmiid  of  cdM  WsMt 
rfM  8t  ploiMd  df  hot  ^teWl'/dictl  flmiMfed  ullh  tMi 

ifia«>  h^vi^  betn  feMd  Ify  txpmkh*m  u>  kiep  tfuw 

fidt  ^^Ived  wfietf  fefMfiCc;  fiftftv  €tl>«  ptmti^  )yf  #iieM 
ef  fhe  AMOn  tdfti^i^tuM  w<»til<i^  dd.  Tkri  a  j>MNS 
«r  ^t^r  M  ^  Will  dMTcai^  tWd  MIflcN  ^fid  tf  fiiHf  tff 
Aiti« :  k  p&ikM  of  l)oiling^  "WtHr  Will  dl0blte  twcntjri 
fin^  oihKIIL  two  piMMdb  €)f  Wift«  Aitt  k(!^  in  ftu 
fafSoit  iw^rte^.fiif  acnd  *  UnDf  (HttteA  «f  nitftf.  If 
IHtfftfrwclMliHbns  Me  MisM^i  «  ^iiiilrtfky  df  tft»  fait 
fipar^e^  bicatfft  two^  pMfffdii  ef  W^cM-  hda(rt5d  M 
i««^  Wfll  iwit  diilMve  t^&ttyHt  bvtmt9  and  a  hsilf 
#f  ilitM,  b«€  oifly  «Mri  ofeifkr^di  R^foning  ftMA 
aMl^^  Ivtfidt  h«f#(<vti«  }s  tim  ftiuth  to  be  frufted  iH 
^yflcftl  rubj«a:s^  W4  tfitf/  judge  k  M«  impTobabNii 
that  foimiliifig  0f  *  fiffiilKr  flacii*'e  rfiay  Uke  pila^^  bh 
mixulgcdidair  favtfraMd  with  Ysrpduf^  with  bdc  fllr 
fatu rated  with  vapour^  and  that  this  may  help  us  to 
explain  the  phenomena  already  mentioned.  We  can- 
not however  accept  of  it  as  a  complete  folution,  till 
^t  has  been  fully  eftabliflied  by  experiment. 

But  though  the  effed:  of  contrary  winds  in  difpof. 
ing  air  to  part  with  moifture  were  greater  than  is 
pretended^  this  cannot  with  any  probability  be  ufed 
to  account  for  rain  in  every  lituation.  It  may  iri  part 
explain  why  a  greater  quantity  of  rain  ihould  fall 
^n  winjter  thai>  in  fummer^  and  near  the  equinoxes 
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than  before  or  after  them.  But  it  docs  not  explain 
the  lain,  which  falls  in  the  middle  of  the  torrid  zone, 
where  winds  of  different  temperatures  are  not 
common.  Neither  is  the  cffeU  of  hills  in  produci 
rain  entirely  accounted  for  by  it.  But  this,  though 
perhaps  the  great  caufe  of  rain,  is  often  counteraifled 
by  other  caufesj  fuchas  the  (late  of  the  air  with  re- 
gard to  denfity  and  clcdricity,  each  of  which  is  fuf- 
ficient  alone  to  produce  rain,  or  to  prevent  it  even 
when  contrary  winds  favour  it.  The  effeA  of  hills 
in  producing  rain  feeros  to  depend  in  a  great  mea- 
furc  on  the  air  about  them  being  very  cold,  and  this 
is  the  cafe  even  in  the  torrid  zone.  When  the  wind 
is  warm,  and  contains  much  moifture,  as  it  comes 
incontad  with  a  hill,  it  mixes  with  air  much  colder 
than  itfelf,  and  immediately  the  moifture  it  contains 
is  feparated.  If  this  be  held  a  folution  of  the  greater 
quantity  of  rain  in  hilly  countries,  there  Ihould  be 
leaft  rain  in  them,  when  the  wind  blows  from  a  cold 
quarter,  fuch  as  the  north-call',  for  a  long  time. 
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II  W  to  be  (ibrervnl  in  litis  eHJiy,  thai  tlie  c|ualilitips  of  ral^| 
AhIl'J  lu  have  fiillrn  in  vunuus  plucw  tiiu  nut  ulnajts  precifdy  th*  -  - 
I'diiieiisiliey  arc  giveu  >■>  oilier  autbura.     Lbavc  noiiouhl  ihtit  Ui* 

n't  in  bur  of  inchet  was  tuki'a  ujion  luine  gooJ  giuunJs,  probublv 
upon  ihe  Bulhorily  of  expcrinieiiis.     I  rlo  mn  huwcier  know  wbalh.   J 
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fiDce  the  (y)ecuIations  contained  in  this  eifay  do  not  atall  reft  upon 
thefe  numbers,  which  are  merely  occafionally  quoted  for  the  fake 
of  illuflration,  and  not  as  the  ground-work  of  any  important  argu* 
ment.    There  has  been  perhaps  for  the  lail  twenty  years  lefs  im- 
profement  in  the  theory  of  rain  than  in  moft  parts  of  natural  fci« 
ence.    The  opinions  here  announced  will  appear  proportionally 
more  lik«  the  preiisnt  dodrine s,  and  the  addition  offered  to  the 
caufes  of  rain  will  4>e  more  likely  to  approach  to  the  truth.     It 
fleems  indeed  to  me  fcarcely  poffible  to  deny  to  the  rarefadion 
of  the  air  of  the  atmofphere,  the  power  of  producing  a  depo* 
fition  of  moiftore,  nearly  in  the  manner  above  illuftrated.    What* 
«ver  opinion  may  be  entertained  of  the  method  in  which  that  ii 
cifeded*  the  experiment  of  dilating  air  in  the  air-pump,  puts  it 
beyond  the  reach  of  controverfy,  that  a  iidl  of  the  barometer 
mull  always  be  accompanied  with  rain,  unleis  more  powerAii 
counteraAing  caufes  interfere  to  prevent  fuch  precipitation. 
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ON  TUC  FBRTlLJTr  Of  SOiLS. 
Read  A.  D.  1778. 


Xhr  bilin  which  plants  grow,  confiftt  principallf 
c(  earth  mixed  with  a  fmall  quantity  of  the  remains 
of  rotting  v<getables.  Earth  forms  hjr  far  the 
greateft  part  of  every  foil.  The  quantity  of  vegetable 
piatter  is  different  in  different  foils^  and  even  in  the 
fame  ibil  it  varies  at  different  times^  Befides  earth 
and  vegetable  matter^  every  foil  contains  a  final  1 
quantity  of  falt»  which,  though  ibmetimes  it  be 
purely  ialinej  is  very  frequently  of  an  earthy  or 
metallic  nature.  The  quantity  of  falts  of  every  kind 
mixed  with  the  foil,  is  always  very  jQnall.  If  it 
were  confiderable,  the  fertility  of  the  foil  would  be 
entirely  (fcftroyed.  Every  foil  principally  conlifts 
pf  a  confufed  mixture  of  thofe  earths  which  lie  iit 
Ovular  Urata  immediately  below  it.  It  differs, 
kawever^  much  (rom  theft  earths,  not  only  by  their 
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wanting  that  vegetable  matter  which  the  foil  c6iW 
lains,  but  by  being  in  a  differentiate  before  and 
after  thcircxpofure  to  the  air.  When  earth  is  thrown 
up  from  a  confiderable  depth  bcl9W  the  furface,  it 
is  long  before  any  vegetable  will  grow  in  it.  It 
gradually  fwells,  and  crumbles  down,  and  after  a 
certain  time,  is  much  more  foft  and  fpongy  than  it 
was  before.  This  is  moft  remarkable  in  the  fofter 
earths,  but  it  may  be  obferved  even  in  the  hardcQ. 
The  change  on  the  tatter,  however,  is  more  flow 
jind  gradual.  Even  the  fcoris  of  volcanos,  though 
little  ihort  of  being  in  a  (late  of  vitrification,  fall  in 
time  in  the  air,  fo  as  to  allow  thofc  plants  that  re- 
quire but  little  foil  to  grow  on  them.  The  remains 
of  tholc  plants  mined  with  what  had  formerly 
mouldered  from  the  lava,  and  what  has  fince  moul- 
dered, form  a  foil  of  a  greater  depth,  fit  for  the 
rourifliment  ot  veget.ibic5;  of  a  djficrcnt  clafs,  which 
require  a  deeper  foil,  and  thus  by  (low  degrees,  a 
fufficicm  thicknefs  is  obtained  for  the  growth  of  the 
moft  pcrfcrt  plants. 

This  has  rcpcaiediv  taken  place,  as  is  evident 
from  obfcrvatitins  on  the  foil  in  the  neighbourhood 
of  Naples.  The  Cinic  thing  that  happens  to  the 
lava  of  volcanos,  would  ha^ipen  lo  all  the  rocky 
ground  in  the  country,  were  it  not  that  on  account 
of  the  rockx  being  for  the  molt  part  greatly  inclined 
to  the  bniizon,  the  greater  part  of  that  which  moulders 
in  confeifucncc  of  cxpofurc  to  air,  is  wathed  down  by 
ifac  nin.  or  blown  anay  by  the  wtiiJ.    Thus  the  ioii 
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does  not  ilceUniuIate^  arid  H  dnly  fit  fof*  the  fupport 
of  lichens  and  tnoflbs* 

The  foil  derives  ite  characfleif  priticipdilf  fiftrni  the 
ftratum  of  earth  inimcdiateiy  below  it ;  though  it  is  not 
entirely  compofed  of  it.  Sand  Md  gnEvel^  the  calcare- 
ous  earths  and  ckys^  wkh  fometimes  ihagnefia,  fomi 
the  principal,  if  not  the  whole  of  the  earthy  part  of 
every  fbih    In  fomei  cafes^-  thefe  are  mixed  with 
much  animal  and  rouble  matter^  and  frek{uently 
the  foil  confifts  of  the  roots^  ffailks^   and  leaves  of 
plants  mixed  with  a  quantity  of  water.    Hence  foils 
iGSve  been  divided  into  the  Tandy  or  gravelly  foil; 
into  the  chalky  foil,  into  clayey  foil  J,  and  into  the 
loamy,  by  which  lall  is  meant  a  quantity  of  animal 
and  vegetable  matter  mixed  with  fand  or  clay.     To 
fliefe  may  be  added  the  mofly  foil^  confiding  prin^ 
tipally  of  the  roots,  flalks^  and  leaves  of  plants  in 
a  ftate  of  imperfoSE  prefervation  mixed  with  water. 
'  To  each  of  thefe  divifions  a  number  of  foils  dif« 
fering  in  fomie  refpedis  from  one  another  belongs; 
though  the  article  from  which  they  receive  their 
dafHcal  name  be  the  prevailing  ingredient  in  the 
tompofition  of  aU.    Thefe  foils  differ  in  the  nature 
tff  thb  plants  belonging  to  each  one,  which  grow 
with  greater  vigour,  and  arrive  to  greatet  perfedtioii 
in  it,  and  which  degenerate  or  die  if  removed  into  a 
diiferenc  one.    It  is  in  dry  gravelly  foils  that  [iir 
find  other  refinous  trees  arrive  at  their  greateft  per- 
fc€6on,  and  grow  moll  vigoroufly#    They  are  tiii* 
lieatthy  and  do  not  attain  fuch  fize  in  a  clayey  foil. 
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The  poplar  and  the  willow  iribe  thrive  belt  in  (bfc 
wet  foils,  and  are  unhcallhy  in  dry  gravel.  Even 
flagnant,  fpring,  river,  and  fea  waters  have  each 
of  than  plants  peculiar  to  them,  which  they  main- 
tain in  the  grcalcfl:  health  and  vigour,  and  which 
die  or  become  unhealthy  by  removal  into  a  dificrcnt 
foil. 

Every  foil,  theKfore,  may  in  a  certain  fcnfc  be 
faid  to  be  fertile  becaufe  It  produces  ccruin  planU 
in  greater  quantity,  and  to  a  greater  perfciflion  than 
any  oihcr  foil  would  do.  But  this  is  not  what  is 
commonly  meant  by  the  term  fertility  of  foil.  There 
arc  certain  plants  neccfTary  for  the  fupport  and 
luxury  of  men,  which  are  fcanttly  furniflied  by 
nature,  but  may  be  obtained  in  great  quantity  by 
art.  The  foils  which  produce  thcfe  plants  plen- 
tifully, iind  in  the  mod  pcrfeiS:  ftatc,  are  called  fer- 
tile !  and  the  foil  is  faid  to  be  barren  if  it  wijl  not 
produce  them  at  all,  or  fparingly  and  impcrfcdly. 
Tiiefc  plains  grow  in  very  few  foUa ;  they  require 
great  attention,  and  no  foil,  however  fertile  it  may 
be  at  6r(t.  is  cnpable  of  continuing  fo  for  any  length 
of  lime.  The  crop  becomes  every  year  worfr,  and 
at  lart,  lails  altogether  if  the  foil  is  left  to  itfelf,  and 
the  fame  plants  kept  conftantly  growing  in  it. 

The  fertility  of  the  foil  depends,  partly  on  the 
proper  dirtribuiion  of  thofc  things  abfolutely  neccf- 
iity  to  vegetation,  partly  on  an  attention  to  circum- 
ilanccs,  which,  though  not  abfolutely  nccefTary  to 
^vegetation,  greatly  incrcafc  its  vigour.    To  the  firft, 
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oeldiig  th^  cfFcdls  of  earth,  air,  water,  and  light 
iipoii  v^tabld.  Water  is  abfolutely  ncccflary  to 
fertility,  for  without  it  no  vegetable  can  grow*  In 
the  feme  manner,  kir  is  one  of  thofe  things  nJecelTary 
to  fertility,  for  when  air  is  excluded,  no  vegetable 
Will  grow.  A  certain  degree  of  heat  is  likewife  ne- 
ceflkry  to  vegetation  t  without  it.  Ho  vegetable  could 
grow,  becaufe,  otherwife;  neither  water  nor  fhe 
other  fubftances  could  be  abforbed  by  the  plant; 
Light  is  neceilkry  to  the  perfetft  growth  of  plants* 
When  light  is  excluded,  the  vegetable  growsj  but 
never  arrives  to  perfedlion,  and  never  acquires  colour^ 
lafte,  fmell,  nbr  medicinal  efficacy.  The  fertility 
of  foil  feems  to  depend  on  its  tranfmitting  water 
and  air  in  proper  quantities  to  vegetables.  When 
the  foil  fumiihes  thefe  in  fmall  quantities,  or 
iiot  at  all,  or  only  one  of  them,  it  is  barren.  The 
fertility  of  the  foil  is  increafed  by  every  contrivance 
by  which  water  and  air  can  be  furnifhed  in  a  proper 
ihanner.  Of  this  kind  are  thofe  operations  in 
:^riculture  which  confifl:  in  the  mixing  fubflances^ 
called  manures^  with  the  foilj  by  which  it  yields 
greater  crops  than  it  would  otherwife  do,  principally 
by  fumiihing  more  air  to  plants,  but  partly  by 
altering  the  nature  of  the  foil  with  regard  to  its 
|x>wers  of  fiimifhing  water.  We  likewife  increafc 
the  fertility  of  the  foil  by  Iheltering  the  plants,  which 
%c  are  cultivs^ting^  from  the  inclemency  of  the 
weather,  by  hindering  them  from  being  (haken  or 
Jbxok^  or.  torn  up  by  the  winds,  or  chilled  by  the 
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froft,  or  injured  hy  water  ftagnating  upon 
and  by  preventing  the  foil  in  which  they  grow  front" 
bring  wafhed  away  by  torrents.  All  thcfc  operation* 
tend  cither  to  make  the  foil  furnifti  water  and  air  in 
proper  quantity  to  v^tables,  or  to  make  the  ve- 
getable receive  the  whole  of  thcfc  that  it  is  capable 
of,  without  being  difturbcd  by  external  accidents. 

The  fertility  of  the  foil  depends  on  the  proper 
diftribution  of  water,  air,  heat,  and  light.  The 
firft  of  thcfc  circuniftances  is  what  we  have  tnoft  in 
our  po«cr,  and  to  it  moft  of  the  operations  in  agri- 
culture that  may  be  called  mechanical  are  referred. 
The  diftribution  of  nir,  fo  far  as  depends  on  the 
chemical  nature  of  the  air,  can  only  be  aftcded  by 
the  ufc  of  manures,  and  the  heat  and  light  wc  are 
obliged  to  leave  almofi:  entirely  to  nature,  as  we  can- 
not for  any  length  of  time  preferve  a  quantity  of 
ground  of  a  dil^crcnt  temperature  from  that  natural 
lo  the  climate  it  belongs  to,  or  toakc  more  light  fall 
on  it  than  the  heavenly  bodies  already  dire(S  to  it. 
The  fertility  of  the  foil  depends  more  on  the  proper 
diftribution  of  water,  than  upon  any  thing  elle. 
Excepting  in  tranfmitling  water  to  vegetables,  the 
earthy  part  of  the  foil  has  no  fhare  in  its  fertility,  as 
is  evident  from  the  experiment  of  Van  Hclmont, 
by  which  it  appears^  that  no  part  of  the  foil  enten 
into  the  compofition  of  the  vegetable.  He  took  a 
pot  ai  earth,  and  dried  it  in  an  oven,  and  weighed 
it  Hcc»nitdy :  he  then  planted  in  it  the  feed  of  a 
-WtUow.     TThc  plAtit  grew  wi(b  vigour,  aods^a 
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certain  time,  had  acquired  a  confiderablc  fize  j  he 
cut  it  down,  and  found  it  weighed  50  lb.  He  then 
carefutly  fcparaied  the  roots  from  ihe  earth,  and  dried 
the  earth  in  the  pot,  and  found  it  weighed  the  fame 
as  at  firft.  Thia  experiment  (hews  clearly,  that  none 
of  the  foil  enters  into  the  compofition  of  the  plane 
which  grows  in  it.  It  has  generally  been  concluded 
from  this  experiment,  that  water  is  the  only  nourilh- 
ment  of  v^etables.  But  Dr.  Hales  has  Ihewn,  that 
every  plant  abfortw  a  great  quantity  of  air,  which 
is  as  necelHiry  to  it  as  \t'ater,  and  chemical  experi- 
ments demonflraie  that  certain  dry  plants  contain 
one-fourth  of  their  weight  of  air,  and  in  fomc  cafes 
more. 

All  vegetables  require  water  in  confiderablc  quan- 
tity. The  difpofition  of  any  foil  to  nourilh  in  per* 
fciiiion  certain  plants,  depends  almoft  entirely  on 
die  quantity  of  moifture  which  it  is  difpofcd  to 
iranfmit  to  the  vegetable  which  grows  in  it.  But 
though  the  proper  tranfmiflion  of  water  be  of  much 
importance,  the  nature  of  the  earthy  part  of  the  foil 
■ftofts  the  fertility  from  other  circumftances.  Of 
ihis  kind,  are  its  being  eafily  or  difficultly  penetrated 
by  the  tender  roots  of  plants,  and  its  having  fuch  a 
degree  of  cohelion  amongft  it  parts,  that  the  roots  of 
a  vegetable  may  not  be  pulled  out  of  the  ground,  or 
any  way  injured  by  external  accidents.  If  the  foil  is 
impervious  to  the  roots  of  plants,  or  if  it  is  per- 
vaded by  them  with  difficulty,  whatever  quantity  <tf 
(noifture  or  Other  fubftancc  neceflary  for  the  growth 
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of  plants  the  foil  may  contain,  but  little  of  it  can 
tranfmiirpd  to  the  vegetable  on  account  of  the  fmalT 
furface  which  the  roots  of  the  plant  cxpofc  to  the 
foil  from  which  the  nourilhment  is  drawn.  In  theft: 
rcfpects,  different  foils  differ  extremely  from  one 
another.  In  fandy  and  gravelly  foils,  as  they  confift  of 
parts  entirely  incapable  of  being  affcded  by  water, 
the  nioifture  is  readily  imbibed,  and  as  readily  pafles 
through  ihtm,  or  they  part  with  water  as  readily  ai 
they  rtceive  it ;  the  roots  of  plants  infinuating  them- 
fclves  with  cafe  between  the  particles  of  which  the 
foil  is  compofed. 

A  clayey  foil  confifts  of  parts  eafily  affnScd  by 
water,  in  confequence  of  Mhich,  upon  being  moid- 
cncd,  they  fwell  to  a  confiderable  fize.  Water, 
fiowevcr,  docs  not  penetrate  them  as  readily  as  it 
docs  fand  or  gravel.  A  quantity  of  water  throwTi  on 
dry  clay,  moiftens  only  its  furface.  The  grcatcft 
part  runs  off,  while  the  internal  parts  remain  nearly 
in  the  lame  ftate  as  before.  When  clay  is  thoroughly 
wet,  it  parts  with  its  water  very  (lowly  ;  it  contraiJla 
in  proportion,  becomes  harder  and  firmer,  while 
many  cracks  form  themfclves  in  it.  The  roots  of 
plants  penetrate  it  with  difficulty.  The  cfFe£ts  of 
water  on  thcfe  foils  are  oppofite.  Hence  a  quantity 
of  clay  thrown  on  a  fandy  foil,  by  hindering  the 
■water  from  pafling  fo  readily  through  it,  enables  it 
to  nourifti  plants  more  perfectly  than  it  would  have 
done  without  this  mixture.  And,  in  the  fimc 
manner,  when  a  quantity  of  land  is  added  to  a  clay 
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TM,  its  parts  are  divided ;  its  tenacity  is  diminifbedi 
the  roots  of  plants  penetrate  it  with  great  eafe^  and 
it  both  receives  and  parts  with  water  more  readily 
than  before. 

Moft  foils  confift  principalljf  of  thefe  earths^  either 
feparate  or  combined^  and  thofe  foils  are  naturally 
moil  fertile  which  confift  of  a  mixture  of  both^  and 
where  there  is  a  little  more  land  than  clay.  By 
breaking  the  foil  into  fmall  parts  by  mechanical 
means^  the  interftices  of  the  particles  become  fmaller 
and  more  numerous^  and  better  calctilated  to  retain* 
and  tranfmit  moifhire^  while  the  roots  of  the  ve« 
getable  penetrate  the  foil  with  greater  eale^  and 
ipread  tjiemfelves  by  this  means  to  a  greater  dilhmce 
ib  as  to  draw  nK>re  nouri(hment.  Ploughing  or 
digging  the  earth  has  univerfally  been  allowed  to 
promote  its  fertility,  and  that  every  advantage.ini 
v^etation  depends  oq  the  proper  tranfmidion  of 
water  is  evident  from  the  experitpents  of  Mr.  Bonnet, 
of-  Geneva^  who  reared  many  plants  by  putting  the 
fteds  in  cotton,  or  fponge^  of  mofs,  and  watering 
them  from  time  to  time.  The-  plants  would  not 
grow  to  equal  perfe^on  in  water,  becaufe  they 
would  by  this  means  have  abfbr-bed  more  water  than 
ik  Accf  (Tary  for  their  moft  perfed  growth,  while  the 
water,  when  the  roots  of  plants  are  immerfcd  in  it,  is 
apt  to  fpoil  them*  Every  vegetable,  from  Hale's 
eiEperiments,  requires  a  certain  quantity  of  water  for 
iiipporting  it  in  the  moft  perfedt  ftate«  If  more  mr 
kb  than  this  is  allowed,  the  vegetable  decays,  an4 
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equally  fo  by  too  great  a  quantity  as  by  too  liltl«« 
Ip  Mr.  Bonnet's  cxperimentSi  the  vegetables  did  no£- 
merely  fend  Ibnti  ftalks  and  leaves,  but  conrinuet) 
to  grow  with  vigour,  fo  as  to  produce  fruits  and 
feeds  in  pcrfcdion.  the  great  points  to  which  all 
vegetation  tends,  and  on  account  of  which  foldy, 
the  ftalkj  leaves,  and  flowers  are  produced.  Ho- 
raifcd  vines  in  phis  manner,  which  produced 
grapca  not  inferior  in  flavour  to  ihofc  produced  in 
tbc  richcfl:  foils  in  the  neighbourhood^  and  the 
lemons  and  oranges  growing  in  fponge  moiftened 
jvith  water,  were  equal  in  every  rcfpeift  to  thufe  pro- 
duced in  the  bed  foil,  and  with  equal  attention. 
preat  care  no  doubt,  was  taken  in  diftributing  water 
to  the  vegetable  in  thefe  experiments.  Without  this, 
it  is  imjioQtble  he  could  have  raifed  fuch  perfccl 
plants.  He  probably  imitated  nature  in  this  refped. 
He  would  allow  them  plenty  of  water  at  the  be- 
ginning ;  ihii  quantity  he  would  gradually  diminifti, 
as  Hale's  experiments  (hew  that  the  abforption  of 
inoillurc  by  plants,  dimipifiies  in  proportion  as  the 
fruit  iippio-iches  to  maturity,  and  ceafcs  almoft  c)tt|^ 
tircly  when  fhat  is  completed.  -^ 

Vegetables  ^Wbrb  likewifc  a  confidcrablc  quantity^ 
of  air.  This  they  do  partly  by  their  roots,  and  partly 
by  their  leaves.  The  air  abforbcd,  is  either  common 
^ir,  or  air  of  a  diflcrent  nature,  fuch  as  has  coit. 
tributed  to  the  intlammiuion  of  combuftible  bodies 
ai^  refpiraiion  of  animals,  or  which  is  feparatcd 
itom  aaitnnl  and  vcgeuble  bodies  during  their  pu- 
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trefaifliion.  The  leaves  of  plants  fecm  to  abforb 
common  air  in  confidcrable  quintity,  but  they  ab- 
forb  liJcewife  the  other  kind,  or  fixed  air,  or  rather 
feparatc  from  it  that  part  which  it  contains,  upon 
which  its  difference  from  comtnon  air  depends. 
The  foil  in  which  vegetables  grow  contains  a  quan- 
tity of  atmofpheric  air  between  its  particles,  but 
this  probably  i«  not  folely  that  which  the  roots  o( 
plants  abforb  j  for,  if  this  were  the  cafe,  every 
foil  which  tranfmits  water  equally,  fliould  be  equally 
fertile  i  but  this  is  not  agreeable  to  experiment. 
Pure  earth,  and  earth  taken  up  from  a  confidcrablc 
depth,  that  has  never  nouriOied  a  vegeuble.  is  not 
fertile.  Few  plants  will  grow  in  it,  and  ihofc  of 
the  nioft  imperfeift  kind.  Yet,  there  is  as  much 
common  air  between  the  particles  of  this  foil,  as  in 
foils  that  aie  mote  fertile,  fiy  expofing  thefe  foils 
to  the  air,  they  in  time,  acquire  a  vegetative  power, 
partly  by  altrafting  air,  and  partly  by  catching  that 
vegetable  and  animal  matter  which  is  floating  in  the 
atmofphere. 

From  every  foil  which  is  fertile,  a  quantity  of  air  of 
another  kind,  the  Bxed  air,  can  be  fcparaicd,  which 
is  furnifhed  by  the  vegetable  and  animal  matter 
contained  in  it,  and  is  produced  by  the  gradual  pu- 
tmfadtion  of  that  matter.  It  is  from  wanting  this 
DUttcr,  tljat  pure  earth  is  unfit  for  the  growth  of 
planu,  and,  that  foil  brought  from  a  great  depth,  is 
i^iong  in  becoming  fcrtilc.     This  vegetable  matter 
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contained  in  every  foil,  aWe&s  its  fertility  in  l 
ways,  partly  by  modifying  the  power  of  tranfmittirig 
■water  to  the  vegetable,  and  partly  by  fumiftiing  air 
to  it.  It  difpofes  fand  to  retain  more  moifhirc  for  a 
longer  time  in  it,  and  to  part  with  it  more  gradually. 
By  dividing  the  particles  of  chy,  it  renders  it  more 
difpofcd  to  receive  and  part  with  its  moifture,  and 
more  eafily  penetrated  by  the  roots  of  plants  ;  when 
left  to  itfcif,  it  gradually  rors,  and  fumilhes  a  quan- 
tity of  air  fufTicient  to  fupport  a  certain  number  of 
plants.  If,  by  any  means  which  haften  its  putre- 
ftflion,  a  quantity  of  air  is  produced  from  it,  a 
greater  number  of  plants  will  grow  in  it  j  a  greater 
crop  will  be  produced ,  but  in  lime,  the  whole 
YCg«table  matter  being  dcftroyed,  the  fertility  ceafes, 
and  the  foil  is  reduced  to  the  Rate  it  was  in  before 
any  plant  had  grown  in  it.  We  can  reftore  it*  fer- 
^ity,  by  mixing  it  with  a  quantity  of  putrid  animai 
cr  Vegetable  matter. 

Vegetables  differ  greatly  from  one  another  in  I 
quantity  of  vegetable  matter  which  they  leave  in  i 
foil,  after  the  part  above  ground  has  been  feparatw 
Some    of  them  leave  more  vegetable  matter  i 
was  employed  in  furnifliing  them  with  air:  but  t 
in  time  produces  a  change  in  the  foil,  with  regj 
to  its,  pMjwer  of  tranfmitring  water,     which  rendd 
it  unfit  for  the  pcrfed  fupport  of  the  vegetable, 
confequcnce  of  which,  the  foil  ccafrs  t 
^  thtft  ^-egctable.    Othen  leave  lefs  v^( 
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ttr  than  that  employed  in  fu'milhing  th^pm  with  aii, 
on  account  of  ivhich.  the  fame  foil  ceaies  in  a  ihoi^' 
nme  to  be  fertile.  By  railing  tbefe  plants  alter<^ 
nately  in  the  fame  foil,  their  effeds,  in  a  great  nnca^- 
ftire,  correal  one  another^  and  a  greater  crop  can,  foe 
a  number  of  years  be  thus  obtained,  than  b^  railing 
only  one  of  them.  It  is  principally  in  tbis  wayr. 
that  the  fertility  of  i;he  foil  can  be  prefer\'ed  for  a 
loi^  time,  by  raifing  the  filiquofe  or  kguminowt 
plants^  alternately  with  the  annual  culmiferdui 
plants.  .Some  plants,  as  trees,  produce  little  altec^ 
ation  in  the  quantity  of  air  contained  in  the  foil^ 
and  can,  thereforei  grow  in  the  fame  foil  a  longtime* 
Thefe  require  little  air  for  their  fupport^  at  leaft, 
abforb  little  by  their  roots,  and  are,  therefore,  raifcd 
snotl^fily  by  water,  as  is  evident  from  Van  HeU' 
months  and  Bonnet's  experiments,  where  little  air. 
could  be  attraded  by  the  roots,  the  leaves  attrading 
the  greatefl  part  nccefTary  for  vegetation. 

Vegetables  may  be  injured- by  a  too  great  quantity 
of  air  tranfmitted  to  them,,  as  well  as  by  too  much- 
irater.  The  ufe  of  putrid- animal  or  vegetable  maw 
ter  mixed  with  the  foil  ia  therefore  liiaiced.  When 
irfcd;  however^  in  a  moderate  quantity,  they  afibrd 
she:  moft  certain  method,  at  ail  times,  ofpromotii^ 
(he  fertility  of  the  foil. 

•  Frequently,  the  vegetable  matter  contained  in  the 
finl  has  fomefmall  remains  of  vegetable  life.  While 
it  retains  this,  it  does  not  rot,  or  furoifh  air.  *  By 
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diflurbing  the  ground  frequently,  fo  as  to  hinder  anjr 
vegetable  from  growing  in  it,  wc  deftroy  thcfc 
remains  of  Hie.  Many  fub(t«ncc5,  known  by  the 
name  of  manures,  owe  their  efficacy  to  their 
power  of  exiinguiiTiing  this  vegetable  life,  and  dif- 
pofing  the  matter  to  rot,  and  produce  air.  The 
principal  fubftanccs  of  this  clafs  are  calcareous  earths 
or  marls,  the  alhes  of  burnt  plants,  and  coraraon 
fail.  The  ftrft  of  thcfe  geneni  contains  chalk,  Ihells, 
and  lime,  or  limc-ftonc.  Calcareous  earth,  may 
incrcafe  the  fertility  of  the  foil  in  three  ways.  Fiifl-, 
by  altering  the  foil  with  regard  to  its  power  of 
iranfmitiing water:  fecondly,  by  decompofing  fa!ta 
which  the  foil  contains,  and  which  are  noxious  ta 
vegetation;  and  laftly,  by  promoting  the  prodii(ftion 
of  air,  from  the  vegetable  and  animal  matter  in  the 
foil.  The  firft  of  thefe  it  will  produce  moft  rc^ 
markably  in  fandy  foils,  by  rendering  them  more 
compadi,  and  more  difpofed  to  retain  water.  If  i 
produces  its  cffcdt.  in  a  certain  degree,  upon  clay,"! 
by  dividing  its  particles.  It  is  feldom,  howevei^l 
thaX  it  is  mixed  in  fuch  aquantity  with  the  foi||vl 
38  fcnfibly  to  produce  either. 

The  fecond  cffccl    it   docs  not  produce  at  all  ; 
fandy  foils,  for  they  feldain  contain  any  thing  faJinOi 
But   it    produces  it  remarkably  in  clays,  as  man] 
common  clays  contain  a  confiderable  proportion  of 
vitriolic  fait  of  iron.  This  is  very  noxious  to  plants  ^ 
they  arc  always  fickly>  and  of  arufVy  hue  when  they 
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grow  in  (oils  containing  this*  The  calcareous  earth 
decompofes  this  ialt^  and  feparates  the  acid^  c6n-r 
verting  it  into  a  fait  lels  noxious  to  vegetables^  and 
left  foluble  in  water. 

The  third  efieft   the  calcareous  earths  produco 
in  a  very  itmarkable  dq;ree»  as  is  evident  from  Prin^' 
gle^s  experiments,  where  vegetable  and  atymal  fub« 
fiances,  mixed  with  calcareous  earths,  always  rotted 
fooner,  and  fumiihcd  a  greater  quantity  of  ail*  In  tlM 
liune  timc^  than  they  did,  when  expofed,  in  fimilar 
ciicumftances,   whhout  that  addition.    Calcareotn 
earths  are  ufed  as  manures,  either  in  the  form  of 
lime,  or  in  their  crude  ftate.    When  applii^  to  the 
foil  in  the  form  of  lime,  they  ibon  attradl:  from  the 
air  that  fubftance  which  they  bad  loft  by  the  burning, 
and  operate,  therefore,  on  the  foil,  in  the  fame  manner 
as  if  they  had  been  in  their  crude  flate.  The  only  ufc  of 
burning  the  calcareous  earth  into  a  lime  for  manure  is, 
to  reduce  it  into  a  line  powder  with  greater  cafe  than 
could    have  been   eflfedled    by  mechanical  means. 
(Common  ialt^  though  it  be  generally  employed  to 
preserve  animal    fubflances   from    corruption,  has 
been  found  to  promote  putrefa&ions,  when  ufed 
infinall  quantities.     The    effc&s  which    it    pro- 
duces on   the  foil  are  the  fame  with  the  eiFed  of 
the  calcareous  earth.     The  more  vegetable,  and  ani-f 
mal  matter  is  contained  in  any  foil,  the  greater  effe^ 
will  be  produced  on  it  by  the  calcareous  earth  and 
Comdcion  (alt.     If  the  foil  contain  no   vegetable  or 
animal  matter,  they  produce  no  fenfible  eife<fl. 
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If  they  promoce  the  corruption  of  rfic  vc^tibltf 
and  animal  matter  in.  the  foil,  ihey  leave  Icfs  of 
them  iri  it,  in  a  given  time,  than  it  would  have 
contaiiicd,  iflhc  foil  had  been  left  to  hfdf.  They 
promote  the  fertility  of  one  year,  by  diminiftung 
the  materials  neccfiary  for  that  of  the  next,  and,  if 
uftd  too  frequently,  will,  in  time,  deftroy  the  fer- 
tility altogether,  as  hai  happened  onmany  occafions. 
When  the  foil  is  thus  rendered  barren,  it  caimot  be 
made  fertile  in  any  other  way  than  by  mixii^  with 
the  foil  a  quantity  of  vegetable  and  aninul  matter, 
nnlefs  by  leaving  it  to  itfclf,  when  it  will,  after  a 
long  time,  fupply  itfclf  with  vegetable  matter,  like 
the  foil  which  has  been  brought  from  a  great  depll^ 
in  which  no  plant  had  ever  grown^ 


sOte  by  the  editor. 

Il  U  niiw  bL-lie*td  by  many,  ihsi  jilanw  abforb  by  their  r 
taOKs  KluiJ  vegeuble  iDBitcr  held  in  Toltiiion  \ij  waur,  in  )j 
tMiuicr  not  very  citarly  untlerftuotl,  but  of  wrbicb  the  tixib 
b  very  prubablr,  U  ti  itidetd  ubvious  (o  any  perlon.  Who  hi 
Bl  ibe  water  draining  I'rom  a  beup  of  manure,  ibatcarbonac 
natter  it  lirU  in  sulution.  There  have  been  also  experiment 
not  wholly  agreeing  in  rcsuri  wiih  Vao  Helmout's  and  Bonnrti, 
by  HaflVnfroU  and  oihen,  ftom  which  it  has  been  concludeif, 
that  feeds  and  bulbs  furnilh  (I>c  cHrbon  of  which  ptanti  ki^ 
Jumcd  wheit  tliey  grow  iii  naiur,  ami  that  in  ' 
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Celebrated  experiment,  carbonaceous  matter  bad  accefs  through 
the  fides  of  tbe  earthen  pot«  By  thefe  means  fome  doubt  has 
been  thrown  on  the  origin  of  the  hard  fubftance  of  plants,  but 
the  fubje£l  is  by  no  means  perfedly  elucidated.  The  expert* 
raentt  of  Bonnet  are  too  (Iriking  to  be  given  up  without  fur* 
ther  invefUg^tiott* 

An  allufion  is.mada  in  thb  tflay  io  the  power  of  plants  to 
decompofe  fixed  air,  and  to  reftore  it  to  the  atmol^here  tn  its 
original  (Utc.  It  is  here  proper  to  obferve,  that  Dr.  Inrino 
always  held  hirofelf  to  hare  been  the  firft  who  fugg^fted  the  pro* 
bability  of  this  power  of  vegetation  to  renew  the  purity  of  commoa 
air,  by  redttcing  carbonic  acid  to  its  principle* 
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s  LAkTs  are  corhpofed  of  a  great  number  of  VelTels 
adjuftcd  to  each  other  with  the  greateft  exadnefi. 
By  thefe  they  are  fitted  for  receiving  and  tranfmit* 
ting  different  fluids;  They  are  fumifhed  with  or- 
gans by  which  the  nouriflimeht  which  they  receive' 
from  earthy  from  water^  air^  and  light,  is  changed 
into  new  compounds,  fo  as  to  form  juices  peculiar 
to  each  plaint.  No  art  is  capable  of  feparating  from 
the  fubllahce^  by  which  vegetables  are  nouriihed^ 
produds  in  any  refpeA  fimilar  to  thofe  prepared  in 
the  bodies  of  vegetables  themfelves.  Different  ve- 
getables nouriihed  by  the  fame  foil,  water,  air,  and 
light  ftiU  prcferve  their  fpecific  differences,  not  only 
ib  their  external  form,  but  in  their  intrinfic  qua« 
litics. 
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Many  attempts  have  been  made  to  difcover  in 
what  manner  vegetables  were  capable  of  feparating 
from  the  fubflanccs  by  which  they  are  nourifhed, 
juices  peculiar  to  them.  The  opinion  which  has 
been  moft  commonly  entertaiiied  on  this  fubjed  is, 
that  the  foil  contamed  all  the  parts  found  in  vege- 
tables, and  that  each  plant  had  a  power  of  feparating 
from  it  that  matter  which  beft  fuited  its  particular 
nature.  This  notion  has  not,  however,  been  fup- 
portcd  by  experiment  ;  nothing  has  been  found  in 
the  foil  excepting  water  and  air.  The  various 
juices  found  in  difTerent  plants  are  evidently  de- 
rived from  another  foura^aa  I  have  formerly  endea- 
■voured  to  fliew. 

After  the  ftrudturc  of  the  hupian  body  had    been 
forfometime  carefully    invcftigatpd,  it  was-  found 
that  many  of  its  functions  could  be  explained  imme- 
diately from  its  flrufiurc     The  operations  in  vege- 
tation, it  was  imagined,  irught  iikewjfc  be    better 
underftood  by  a  fimilar  inquiry  into  the  ftrudure  of 
plants.     Maqy  perfons  accordingly  examined  theia  ■ 
(Irudure  and  many  curious  djlcoveries  have  bet^H 
made  in  the  vegetable  t^conomy.     Much,  howevcrfl 
f^Il.  remains  to  be  done  on  this  fub^e^,  before  the 
various  operations  in  vegetation  can  be  fully  undcr- 
fiood.     The  difcoveries  which  have  been  made  con- 
cerning the  ftrudure  of  plant*  are  very  numerous  j 
i\h  rmpofiible  to  mention  them  ail  in  one     ~ 
A;  few,  obfervations    on'  the.  feeds  of  plant 


form  my  prefcnt  fubjeft. 
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The  propagation  of  the  fpecies  is  the  great  end  of 
ail  vegetation.  Every  part  of  which  vegetables  are 
compofed  tcnd«  direftly  to  this  point.  It  is  to  effedt 
this,  or  to  be  conducive  towards  it,  that  plants 
have  roots,  ftalks,  leaves,  and  flowers.  Ofthefethc 
flower  is  the  part  moft  immediately  conneftcd  with 
the  propagation  of  the  fpecies.  The  formation  of 
the  feed  depends  entirely  oh  it.  Whenever  flower* 
appear  on  plants,  we  are  certain  that  the  feed  Is . 
immediately  to  be  formed  ;  bik^t  the  roots  and  leavdt 
of  plants  are  not  fo  immediately  donnedld)  with  th6 
fetation  of  the  feedj  though  they  are  likewife  ufe-» 
ful  in  this  refpeft.  A  tegetable  may  iproduce  (talks 
and  leaves  for  a  long  dme  without  prcklucing  any 
feed. 

There  are  great  difierertccs  amoiig  vegetables  with 
tegard  to  the  rfmc  they  mtift  grow  bcifore  the  flowei? 
and  feed  miake  their  Appearance.  In  fome  plants 
the  feed  :h  produced  always  in  the  firft  year  of  the 
growth ;  in  forte  the  flower  does  not  appear  till  the 
fecond  year  j  'asnd  in  others  the  plant  ttiuft  produce 
leaves  for  a  gtieat  number  of  years,  before  it  acquires 
fufficiem  ftrength  to  ripen  its  flower,  and  fend  forth 
Itsr  feed.  When  plants  have  produced  their  feeds 
inrthe  greatefl!  perfeftion,  the  powers  of  vegetation 
itnmediately  become  languid,  and  are  no  longer 
exerted  with  their  wonted  vigour.  In  fome  plants 
the  moment  the  feed  is  completely  formed,  the 
vegetation  entirely  ceales,  and  never  can  again  be 
renewed,  but  the  plant  totally  withers  and  dies.    In 
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othcn,  aTter  the  feed  is  formed,  the  plant  languilhd 
for  fome  time,  and  then  after  reftirg  a  while, 
Ycrs  its  power  of  vegetation,  fo  as  to  produce  feed 
a  fccond  or  a  third  tjinc,  and  in  fomc  for  many 
hundred  times. 

The  period  during  which  the  vegetation  goes  on 
in  this  languid  manner  in  thofe  vegetables  in  which 
it  is  capable  of  being  renewed,  is  different  in  diffe- 
rent plants  ;  it  even  differs  in  the  fame  plant  ac- 
cording to  the  warmth  of  the  climate  in  which  it 
grows.  III  fome  cafes,  even  in  the  fame  plant,  one 
part  of  it  may  be  covered  with  flowers  and  growing 
with  vigour,  while  another  part  of  it  is  in  that  lan- 
guid Hate,  which  conftantly  follows  the  ripening  of 
the  feed.  This  lakes  place  chiefly  in  the  flronger 
plants,  \vhich  have  a  woody  ftcm,  and  grow  to  a 
great  fize.  The  trees  which  grow  in  the  torrid  zone 
have  frequently  flowers  on  one  part,  while  the  reft:  is 
loaded  with  ripe  fruit.  Sometimes  trees  are  found  in 
thisfituation  even  in  this  climate,  but  it  never  hap- 
pens excepting  in  uncommonly  warm  feafons. 

in  thofe  plants  which  grow  vigoroufly,  and  pro- 
duce feed  and  languifh  alternately,  the  flower  and 
feed,  which  appear  in  any  one  feafon,  are  not  the 
produce  of  that  feafon.  The  flower*  which  are  to 
appear  the  next  feafon  are  all  completely  formed 
already ;  they  begin  to  be  formed  in  Augufl,  and 
are  at  the  clofe  of  the  year,  when  the  feafon  is  Co 
cold  that  all  vegetation  fcems  to  be  at  an  end,  in- 
creafing  in  fizc,  and  gradually  unfolding  their  paits. 
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Even  the  leaves  of  plants^  which  are  to  make  their 
appearance  with  the  returning  fpring,  are  then  per- 
fedfy  formed^  and  require  only  the  affiftance  of  a 
little  warmth  to  make  them  expand^  and  this  hap- 
pens not  only  in  the  ftronger  and  more  rigid  plants^ 
fuch  as  trees  and  fhrubs,  which  endure  the  cold  of 
winter  without  injury^  but  to  plants  of  a  more  ten- 
der kind^  which  die  to  the  ground  in  winter.  In 
thefe  plants  the  leaves  and  flowers  of  the  fucceeding 
year  are  formed  at  the  end  of  the  icafon  on  their 
roots^  which  being  covered  with  a  quantity  of  earth 
are  thereby  fecured  from  the  winter's  cold. 

Thofe  plants  which  produce  flowers  and  feeds  but 
once  during  the  period  of  their  growth^  are  folely  em- 
ployed in  producing  leaves  and  flowers^  and  ripening 
their  feeds.  Whereas  the  plants  which  produce 
flowers  and  feeds  a  great  number  of  times  with  inter- 
vals,  during  which  their  vigour  diminiflies^  have  a 
much  more  complicated  talk  to  perform.  In  anyone 
year  they  h^ve  flowers  to  expand  and  feeds  to  ripen^ 
which  they  had  formed  the  lafl:  year^  and  the  flowers  to 
form  which  they  are  to  produce  with  feed  to  be  ri- 
pened the  next  year.  As  they  have  more  to  per- 
form»  they  require  more  ftrength  to  be  able  to  do  it ; 
and  it  is  not  improbable  that  it  is  owing  to  this  that 
moil  plants  which  are  capable  of  producing  feeds  a 
great  number  of  times,  are  feveral  years  after  they 
are  raifed  from  the  feed  incapable  of  producing  cither 
flowers  or  feeds,  but  incrcafc  in  fize  or  ftrength, 
after  which  they  begin  to  propagate  the  fpecies,    In 
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this  rcTpct^  thcfe  plants  rcfcmble  in  Ibme  d^rce  ih< 
nioic  perfe^  animals,  in  which  it  Is  fome  lime  after 
their  formaiion  bctorc  they  arrive  at  the  ^c  of  pu-. 
bcrty,  fo  at  CO  be  capable  of  propagating  their  fpe- 
cics.  Whereas  the  planu,  which  can  produce  feed 
but  ODce,  and  which  do  it  the  year  that  they  are 
nifed  from  the  feed,  have  fomc  refcmblaDCe  to  the 
inorc  ioiperfeiit  animais.  The  plants  of  this  clafj 
arc  commonly  caJled  annuals  :  thofe  of  the  other  axe 
called  perennial  plants. 

There  is  perhaps  Ibtae  difierencc  ia  ibe  ftni^re 
of  the  feeds  of  the  planu  in  ihefe  twoclaflcs.  It 
fccms  not  to  be  improbable  that  the  feed  of  an  an- 
nual  plant  is  more  perfect  than  the  feed  of  a  peren- 
nial one.  The  whole  of  vegetation  in  the  anoual 
plant  i$dircd:ed  to  the  formation  of  the  feed.  In 
the  perennial  one,  the  v^etation  is  direded  partly 
to  this  point  and  partly  to  the  formation  of  the  leaves 
and  flowers  of  the  fucceeding  year. 

As  the  perennial  plant  hii  more  to  perform,  it 
may,  not  with  (landing  its  greater  llienglh,  form  the 
feed,  which  is  but  a  part,  lefs  perfectly  than  the 
nual  plant  can  form  its  feed,  which  is  the  vbole  ii 
tention  of  its  growth.  That  this  is  really  the  cafe, 
feems  to  be  evident  from  the  rcfcmblance  there  is 
between  the  buds  of  perennial  plants  and  the  feeds 
of  annual  ones  with  regard  to  vegetation.  The 
flowers  and  feeds  of  perennial  plants  which  are  pro- 
duced for  the  fervice  of  the  next  year,  are  mod  cu- 
rioufly  fitted  up,  and  appear  in  the  form  of  little 
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cdnicd  fbbflshces  called  buds  or  germs.  If  inre  take 
the  buds  and  piit  them  in  ground^  t!hcy  freqaently 
take  root,  grow,  and  produce  a  pfanf  eiaftly  re* 
fcmbling,  in  zppcamhcc^  the  parent  ^lant;  but 
which  diflfcts  from  it  in  dne  reQ)e<3:,  that  ft  pfoducesl 
and  ripens  its  feed  nfiuch  fooner  than  a  plant  of  the 
lame  kind  raifM  from  the  feed.  Very  freqfUcntly  i 
plant  raided  in  this  manner  will  produce  feed,  ana 
propagate  the  fpecies  the  firft  year  of  its  growth; 
while  the  fame  plant  railed  from  the  feed  would  havd 
rtquiredfive  or  fix  yeat's  growth  before  it  wis  c^a-i 
pable  6f  projVagatihgf  the  fpecies.  That  this  iis  iiii 
cafe,  the  conffcint  ptaftice  of  all  gkideners  is  a  pf oof^ 
irfio  know  well  tbtt  when  they  want  to  furnilh  a 
garden  with  peminial  plants^  there  is  not  a  more 
eettain  method  than  to  raife  the  plants  from  (lips. 
This  practice  fucceeds  beft  in  thofe  plants  whofe 
trunk  dies  dbwn  to  the  ground  in  winter,  and  where 
the  buds  adhere  to  the  rtx)ts  of  the  plant* 

It  may  indeed  be  faid,  that  in  this  cafe,  the  plant 
is  capable  of  producihg  feed  fooner,  not  becaufe  the 
bud  contains  the  youi^  plant  more  perfedly  formed 
than  the  feed  did,  but  becaufe  ir  hais  more  ffrength, 
and  becaufb  it  has  one  part  completely  formed,  viz* 
the  robt.  By  this  meahs  it  is  better  calculated  for 
abforbing  ftoM  the  foil  the  nouriftxment  proper  for 
it,  and  can  digi^ft  more  of  it  than  a  feeble  root  juft 
formed  frdnf  the  fttd  is  callable  of  doing.  In  ahl 
fVrcr  to  this  objeftion,  it  may  beobfctved,  that  the 
experiment  fucccqJs  cc^uilly  wdl,  and  the  plants 
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produce  flowers  and  feeds  as  foon,  when  the  6niplQ 
bud  is  put  into  the  earth,  as  when  a  quantity  of  root 
adheres  to  it.  In  many  plants,  however,  this  cannot 
be  done ;  the  bud  and  the  root  are  fo  conneded,  thac 
the  one  cannot  be  feparatcd  without  a  part  of  th^ 
other  adhering  to  it.  But  it  can  be  done  very  per- 
fectly in  many  plants,  and  particularly  in  all  the 
bulbous  plants.  In  thefe  plants  there  is  none  of  the 
root  of  the  parent  plant  that  adheres  to  the  bulb, 
from  which  a  new  plant  is  to  be  produced.  In  the 
root  of  a  tulip  xs  it  is  commonly  called,  but  which 
is  really  a  bulb  or  germ,  there  is  none  of  the  root  of 
the  old  plant  adhering  to  it ;  tc  will  however  grow, 
and  flower,  and  produce  feed  the  year  in  which  iti^ 
planted,  while  the  feed  of  a  tulip,  upon  being  fown, 
will  produce  a  new  plant,  thac  >vill  not  bear  feed 
fooncr  than  the  fixth  year  after  the  feed  is  fown. 

Though  this  experiment  fuccccds  bcft  with  the; 
plants  which  carry  buds  on  their  roots,  it  is  not 
folely  confined  to  them.  In  many  trees  the  fame 
thing  takes  place,  though  the  buds  adhere  to  th^ 
trunk  and  branches.  In  fruit  trees  it  is  well  known 
that  fruit  reicmbling  that  of  the  parent  plant  cannot 
be  produced  by  merely  fowing  the  feed  of  the  tree. 

Thus  the  tree  may  be  propagated  by  making  a 
bud  of  it  grow  upon  the  root  of  another  plant,  by 
inoculating  or  grafting  on  it.  It  frequently  hap- 
pens in  grafting  particularly,  that  the  bud  produces 
flowers  and  fruit  the  very  firft  year  of  its  growth. 
Tbis  however,  thofc  who  are  employed  in  culti* 
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Vating  fruit  trees  take  pains  to  dlfcourage,  as.  fh^ 

languid  vegetation  which  would  fucceed  the  ripening- 

of  the  fruit,  would  be  hurtful  to  the  bud  in  this  ar*. 

tificial  manner  of  making  it  grow.     That  this  hafty 

formation  of  flowers  and  feed  from  a  bud  by  grafting, 

|n  oneyear^  while  it  would  have  required  many  years 

before  this  could  have  been  eifedted  in  a  plant  raifed 

from  the  feed,  is  not  owing  to  the  ft  rength  or  vigour  of 

the  roots  of  the  flock  upon  which  the  bud  is  made  to 

grow^  is  evident  from  our  being  frequently  able  to 

accomplifli  the  fame  end  without  the  jafliftance  of 

the  root  and  trunk  of  another  plant,  by  making 

]the  bud  flrike  root,  and  grow,  immediately  without 

any  afliflance.     This,  however,  cannot  in  fruit  trees 

^  effcded,  that  I  know  of,  by  cutting  off  the  bud 

and  planting  it  in  the  earth.     But  what  cannot  be 

^ne  ip  this  manner  diredly,  can  frequently  be  done 

py  bepding  a  branch  of  the  parent  tree  with  buds  on 

it»  till  it  touches  the  ground,  and  then  covering  the 

branch  with  earth*  The  bud  will  in  this  fituation 
t 

pnfold  itfelf,  produce  a  plant  exa&ly  limilar  to  the 
pne  it  was  produced  from,  in  the  fame  manner  as  if 
^t  had  been  grafted,  and  will  produce  flowers  and 
fruit  in  a  much  fhorter  time,  than  a  plant  raifed 
from  a  feed  of  the  fame  tree  could  have  done ;  and 
this  happens  though  the  connexion  betwixt  the  bud 
^nd  the.  original  plant  be  cut  off  the  moment  the 
bud  is  expanded- 

The  buds  of  the  perennial  plants,  and  the  feeds  of 
^nual  plants^  agree  much  better  in  the  time  re«. 
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quifite  for  the  propagation  of  tfie  fpecics 
feeds  do  :  and  there  fcems  to  be  fome  rcafon  to  con- 
clude that  the  feed  of  a  perennial  plant  is  lefs  per- 
fcift,  is  fimplcr,  and  fitted  for  producing  a  Icfs  pcr- 
fcift  plant  than  the  feed  of  an  annual  one.  Thar  this 
really  is  the  cafe  fcems  evident,  bj'  attending  to 
the  ftruifture  of  the  feeds  more  minutely,  where  it 
win  be  often  found,  that  there  is  a  much  more 
ftriking  refemblance  betwixt  the  feeds  of  the  annual 
plants  and  buds  of  the  perennial,  than  there  is  be- 
twixt the  feed  of  the  two  kinds  of  plants.  The 
feeds  of  all  plants  contain  the  rudiments  of  the  plants 
to  be  produced.  Sometimes  the  feed  confifts  en- 
tirely of  this  part,  which  is  commonly  known  by 
the  name  of  corculum  or  germ  of  the  plant.  In 
other  plants,  befidcs  the  germ  of  the  future  plant, 
there  is  another  partclofcly  connci5led  with  it,  known 
by  the  name  of  the  cotyledons  or  lobes  of  the  fecdi 
Whether  the  feed  of  the  plant  confifts  only  of 
germ,  or  of  the  germ  and  lobes  conne<fted  with 
in  both  cafes  they  are  concluded  in  a  number'' 
coats,  which,  fof:iras  has  been  difcovered,  are  H 
organical  and  incapable  of  corruption.  The  gci 
is  properly  the  feed  of  the  plant,  the  other  parts  are 
ufeiul  during  the  infant  ftate  of  the  plant,  but  form 
no  part  of  it.  Jt  is  only  in  the  feeds  of  olM 
clafs  of  plants,  the  mofles,  that  we  meet  witff 
naked  germ.  In  the  feeds  of  all  other  plants,  bcfidl 
the  germ,  there  are  cotyledons  or  lobes  unit( 
with  the  gerrtK    In  fomc  plants,  there  isoirfyfi 


bed^ 
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lobe ;  in  moft  pianta  there  are  two ;  in  a  few  there 
are  foui^  iix,  or  ten  lobes. 

When  we  examine  the  genp  in  tbe  feed  of  p}ants«. 
we  fee  that  it  is  compofed  of  two  parts ;  the  one 
externa^  which  is  to  become  the  root  of  the  plbnt^i 
and  called  radicula,  or  radicle  ;  the  other  fltoio 
internali,  and  buried  in  the  lobes  of  the  feed>  or 
lodged  biStween  the  lobes^  when  thereare  BK>re  chM 
one^  theplumulaor  plume^  which>  after  exiendrng, 
becomes,  tbe  ftalk  or  leaves  of  the  pianb  The  lan 
dide  is  always  of  a  conical  figure  without  any  divi- 
fions.  The  plume  has  lio  regular  figare,  and  1$ 
divided  into  a  great  number  of  Anail  parts.  Wheii 
the  feed  betides  the  germ  coniifts  of  lobes^  tbe  ra« 
dicle  iCenda  off  a  branch  to  each  of  them^  which  is 
nmsiiied  tfaroi^  them^  and  forms  what  is  called 
tbe  feminaLroot  of  .the  plant.  When  tbe  plume  ia 
viewed  with  the  microfcq>e  it  appears  to  be  com^ 
pofed  of  a  number  of  parts  ibaped ,  like  the  leaves 
of  the  future  parent  plant^  and.  requiring  only  to  be 
a  little  Jaiger  to  refeipblc  them  exadly«  An  au- 
thor who  has  written  lately  on  the  ftm^ie  of  the 
Jsflds  of  plants^  but  whofe  name  I  cannot  at  pre* 
iimt  lecpUei^  mentions  fome  curious  oblervationa 
on  the  lads  of  plants  I  and  from  his  obfervations, 
as  ftr  as  I  remember,  it  appeared  that  in  fome 
plants  the  plume^  viewed  with  the  mit^rofcopcj  con« 
caiaed  not  only  the  parts^  to  becoQie^  tM*  ftalk  and 
leaf  of  the  plants  bup  that  frequently  the  flower  of 
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t^e  plant  could  be  perceived  in  ii  with  all  its  petals 
and  flamina.  I  remember  further  that  in  the  in- 
Hanccs  where  this  happens  the  feeds  were  all  the 
feeds  of  annual  plants,  and  that  nothing  of  this 
kind  has  been  obfcrvcd  in  the  feeds  of  perennial 
plants. 

This,  I  think,  in  fome  cafes  at  leaf!,  (hews  thic 
the  rcafon  why  fome  plants  propagate  their  fpcctct 
in  a  Ihort  time,  is,  that  in  the  feeds  all  the  parts  for 
this  purpofe  arc  already  completely  formed,  and 
require  only  to  be  incrcafcd  in  fize,  while  in  the 
feeds  of  thofe  plants  which  require  a  long  time 
before  they  flower  and  produce  Iced,  the  plunA 
contains  only  fuch  parts  as  are  to  become  leaves: 
the  produdlion  of  the  flower  is  left  to  the  young 
plant  itfelf,  which  in  time  it  produces  in  folds 
in  the  form  of  buds  at  the  end  of  the  fummer 
preceding  the  fpring  in  which  they  arc  to  makt 
their  appearance  in  open  day,  and  to  propagate  ibQ 
fpecics. 

Though,  however,  there  fcems,  from  the  fbn^o-, 
ing  obfervations,  to  be  fome  reafon  to  believe  that 
there  is  a  difference  betwixt  the  feeds  of  annual  and 
perennial  plants  in  the  formation  of  the  gctm,  in  con- 
Icqucncc  of  which  one  propagates  the  fpecics  fooner 
than  the  other,  we  cannot  conclude  that  this  is  ttic 
cafe  in  all.  In  many  plants  that  are  amiual,  the 
prefenccoL  the  young  fiowcr  in  the  feed  has  nuC 
bcca  difcovcred,  partly  perhaps  from  its  fmallnd*, 
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and  partly  from  its  being  enveloped  or  concealed  by 
the  other  parts  of  the  feed.  There  may  likewife  be 
confiderable  differences  in  the  ftrufture  of  theplumo 
of  perennial  plants,  efpecially  as  we  find  that  they 
differ  remarkably  in  the  time  which  they  muft  grow 
before  they  produce  flowers  and  feeds  ;  thofe  that 
require  the  fliorteft  time  may  have  their  feeds  con- 
llrudted  like  the  annual  ones ;  but  no  obfervations  of 
this  kind  have  been  made  that  I  know  of;  and  per- 
haps thofe  plants^  whofe  feeds  mod  nearly  refemble 
the  feeds  of  certain  annuals,  will  be  found  in  the 
circumftances  of  the  vegetation  to  approach  nearer  tor 
the  annual  plants  than  thofe  perennials  which  differ 
more  in  that  refpedt.  They  probably  will  be  found 
not  only  to  propagate  the  fpecies  fooner,  but  for  a 
lefs  number  of  years  than  the  reft  of  the  plants  of  the 
$une  clafs  do. 

Another  difference  in  the  feeds  of  plants  is  that  fbme 

of  them  are  capable  of  drawing  their  nourifhment 

from  the  (oil,  and  preparing  it  for  all  the  purpofes 

of  vegetation  the  moment  they  are  buried   in  the 

earth ;  while  in  other  plants  the  feed  when  fown,  is 

fome  time  before  it  is  capable  of  doing  this.     In 

thofe  plants  which  confift  of  a  naked  germ,  the 

moment  they  are  fown  the  radicle  becomes  a  root, 

and  draws  that  part  immediately  from  the  foil  which 

u  for  its  fupport,  without  requiring  any  adiftance, 

or  any  other  nourifhment  than  what  the  foil  imme* 

4iatdy  fumifhes.     The  feeds  of  all  the  mofTes  are  of 

this  kind*    They  arc  ranked  among  the  moft  im« 
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perfe^  vegetables,  and-  require  Icis  nourifiimedt, 
and  that  of  n  weaker  kind,  and  their  foung  »  tnort 
hxrd)'  ihar)  the  young  plants  of  the  more  pcrfeA 
kinds  of  vcpetnblcs.  la  the  feeds  of  the  more  perfeft 
plants  it  is  Ionic  time  before  the  radicle  is  capabkr 
of  colle«;tiiig  that  nourifliment  from  the  foil  whichb 
leqtiintc  for  llic  fupport  of  the  plant.  The  nourJOf 
mcnt  loo  rthich  the  foil  contains,  or  which  is  con- 
tained in  the  other  bodies  which  furround  it,  is  of 
too  coarfc  a  kind  for  the  fupport  of  the  tender  plant, ' 
or  it  cannot  prepare  it  properly.  In  thefe  plants^ 
idea  the  germ  there  arc  the  cotyledons  or  lobes 
feed,  which  siiTilt  the  radicle  and  plume  in 
t  Jirft  perio<i  of  their  growth,  partly  by  abforbii^ 
from  the  foil  that  nourifliment  which  is  bcfl:  fitted 
for  the  plant,  and  tranfmitting  It  through  the  fcmi- 
ml  root  to  the  radicle  and  plume ;  but  more  ef- 
pccially  by  a  quantity  of  food  prepared  by  the  pa- 
rent iJanc,  of  which,  bcfidcs  the  fcminal  roots,  the 
lobes  of  ihf  feed  arc  almoft  intialy  compoftd. 
'i'his  fubftance  in  the  lobes  is  fomctimea  iminly 
fuinaccoiis,  in  others  partly  firlnaceous  and  { 
of  an  oily  nature,  and  in  others  fiirina  blended  i 
other  fubHanccs.  It  is  iritirely  farinaceous  in  the 
common  Liodii  of  grain,  asuhcat,  barley,  and  oars. 
In  thefe  pknta  there  is  only  one  lobe,  and  the 
plume  and  radicle  arc  lodged  in  a  hole  at  one  end  of 
it.  tn  (he  almond,  the  poppy,  and  many  oeher 
pUnfs.  iherc  are  two  lobes,  which  confift  ptrdj'  «f 
larina  and  partly  oioU. 


iminly 
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Tlie  npatter  which  the  lobes  of  the  iced  contain 
is  deppfited  there,  to  ferve  for  the  nourifliment  and 
gipwtjbt  of  the  gernf)  of  the  plant  in  the  firft  days  of 
Iks  veg^titfion.  It  is  a  nourifliment  ready  prepared^ 
tod  already  digefted  by  the  parent  plant  for  the 
fupport  of  the  young  plant  nrhich  it  is  to  produce* 
|t  ^  the  iUifnent  of  their  eariieft  age^  while  they  arc 
yc)t  top  weak  to  extra<3:  from  the  earth  and  other  ele^k 
mcnts  (be  imperials  which  they  are  to  change  bj^ 
tikHf  prgjunt  action  into  their  own  fubftance  or  juict 
peculiar  to  rhem.  In*  the  fame  manner  as  the  yolk 
of  an  egg  fecves  for  the  nourifhment  of  the  chicle^ 
while  jk  remsiins  in. the  flieU ;  and  as  the  milk  of  anu 
mals  furniflies  to  their  young  a  nourifliment  already 
half  aflimilatedj  the  digeftion  of  which  is  eafy^  and 
proportionable  to  the  weaknefs  of  the  digeltive  or- 
gans. When  the  feeds  of  thefe  plants  are  fown 
which  have  nourifliment  already  prepared  for  them 
in  the  lobes, by  the  parent  plants  the  itioiflure  of  the 
earth  pervades  the  coats  with  which  all  feeds  are 
covered^  its  impurities  are  by  this  means  feparated^ 
and  it  is  abforbed  by  the  lobes  more  gradually ;  the 
matter  in  the  lobes.fw^lls  with .  the  moiflure^  a  part 
of  the  nourifliment  in  them  pafles  into  the  feminal 
root»  and  is  tranfmitted  to  the  radicle  and  plume  of 
the  plantj  which  begins  immediately  to  increafe  in 
fize.  Firft  the  radicle  extends  itfelf,  and  then  the 
plume.  During  this  period  the  feminal  root  exerts 
ibme  aflimilating  power^  and  the  nourifliment  in 
the  lobes  changes  its  fenfible  qualities  till  it  is  ex« 
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^fled  m  ftoQrilhing  the  jming  ^int.  The 
fcle  and  pliiitie  having  by  chil  cifife  tfcqtUrtd  fufficieni 
Vegecktiitt  pdirci*  and  fticbgeh^  can  prepare  fat 
ihemfcivei  frarrt  thb  canbnaad'dcher-'dciiientt  tbd 
nouriftmeni:  and  juicel  fit  for  their  fup^tt  and 
growth*  The  lobci  ha^nf^thua  for  fome  time  ferved 
u  a  rote  to  the  youn|;  plant,  are  no  Idnger  fit  for  thii 
piifipbfei  They  iillioffind  dtcafi  at  begin  to  in^ 
citafe  ill  iize,  aind  hvirin^  ibr  fome  time  fefved  a« 
toot,  till  the  radicU  became  llrfliciently  IhtMig;  they 
Ii6w  become  le«vcsj  flndliffift  thi  pkimetiU  its  parti 
i»e  fufficienlly  unfolded,  «heh  they  fiiU  «ff  «k}  M^ 
iher,  havEi^  ferved  M  the  purpctfes  foriWfaii4  tbiy 
ircrc  intendedi^  ^ 
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In  a  {brmer  cfhy  it  was  obfcrved^  that  the  feeds  of 
Jill  plants  confided  principally  of  the  rudiments  of 
the  root  and  ftem  of  the  future  plant :  that  the 
feeds  of  one  clafs  of  plants  coniifted  folcly  of  thofp 
parts :  they  are  capable  of  qlrawing  diredtly  from  the 
/oil  the  part  iieceiliary  for  their  fupport.  The 
plantfr  thus  conftruded  s^  of  the  lefs  perfed  kmd| 
they  neypr  grow  to  a  gr^at  fize^  and  their  nourifhr 
meat  feems  to  require  but  little  preparation.  The]^ 
accordingly  fubfiil  upon  the  mod  barren  parts  o£ 
IChis  .earth ;  and  ferv?  principally  to  produce  in  time 
ft  fufficient  thicknefs  of  foil^  for  the  nouri(hment  qf 
the  niQre  perfect  vegetables.  The  fe«d$  of  the  moft 
perfedl  plants  contain^  befides  the  rudiment  of  the 
root  and  (lem,  a  part  containing  nouriihment  for  the 
young  plants  intended  to  fupport  it^  till  its  own 
foot  be  capable  of  drawing  from  the  earth  nourilh^ 
jnent  proper  for  it.      During  this  ci^ne  the  yom^f^ 
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r  a  former  effty  it  was  obfcrved,  ihat  the  feeds  cf 
plants  confiftcd  principally  of  tlie  nidimcnri  of. 
:  root  and  ftem  of  the  future  plant  :  that  the 
;ds  of  oneclafs  of  plants  confided  folcly  of  ihofc 
rts  :  rtiey  are  capable  of  drawing  direitly  from  the 
,1  the  part  neccflary  for  their  fupport.  The 
ints  thus  conftruded  are  of  the  lefs  perfeifl  kind| 
ey  never  grow  to  a  great  fize,  and  their  nouriih- 
etit  feema  to  require  but  Httlc  preparation.  They 
cordingly  fubfift  upon  the  moft  barren  parts  of 
is  earth  ;  and  fcrvc  principally  to  produce  in  time 
fufficient  thickncfs  of  foil,  for  the  nourifhment  qf 
:  perfe<ft  vegetables.  The  feids  of  the  moft 
I  contain,  befidea  the  rudiment  of  the 
intaining  nouriflinicnt  for  the 
Qorc  it,  till  its  own  ■ 
I  I  the  canh  nourifl^  ] 
lis  ti(ne  the  yomij  1 


fend  off  lateral  branches^  the  nourifhment^  con* 
tained  in  the  feed^  and  which  was  prepared  by  the 
parent  plants  is  nearly  exhaufted.  That  part,  there-^ 
fore^  £dls  oiF^  or  by  a  little  alteration  becokties  a 
fert  of  leaf,  and  fupplies  the  place  of  thcfe  parts  till 
at  laft  it  falls  off  altogether.  When  the  nourifh* 
ment  of  this  fecondary '  part  of  the  feed  is  exhautted^ 
the  root  begins  to  prepare  nourilhment  for  the 
piantv  At  firft  the  quantity  necelTary  h  but  ifaial)^ 
as  the  fize  of  the  plant  above  ground  is  trifling. 
As  this  increafes,  the  root  extends  itfelfto  be  able 
to  colledt  and  prepare  proper  nouriihment,  and  to 
give  that  (hibility  to  the  part  above  ground,  and  even 
that  diredHon  to  it  which  is  mod  proper  for  the 
particular  plant.  Hence  the  diflance  to  which  the 
not  extends,  and  the  flrength  which  its  parts  ac- 
qfUiife,  micefiarHy  depend  on  the  height  and  fize 
of  the  part  above  groiantl. 

The  parts  in  all  plants  that  imbibe  moillure  are 
'f>robably  the  fmall  and  almoft  invifible  portions  of 
Ae  roots.  The  thick  fibres  are  probably  intended 
to  give  them  fupport,  or  perhaps  may  be  otherwise 
ftccefl!ary  in  preparing  thofe  fluids  imbibed  by  the 
Capillary  fibres  of  the  root.  When  k  plant  rs  dug 
op  with  great  Care,  none  of  the  large  fibres  arc 
deftrojred,  yet  the  growth  of  the  plant  is  always  very 
much  retarded  by  it,  and  very  frecjiiently  altogether 
deftroycd . 

The  organization  by  \vhich  the  roots  of  plants  draw 
flMrifimieiic  ffom  the  foil,  is  the  fame  in  all  plants^ 
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The  difcoveries  made  in  the  ftrudlurc  of  the  roots  of 
plants  have  not  hi^erto  enabled  us  to  explain  theit 
growth,  any  more  than  the  anatomy  of  animals  has 
enabled  us  loexplaintheirfunfftions  ;  both  are  ftill  out 
of  our  reach.  But  it  is  to  have  proceeded  on6 flep 
in  the  difcovcry  to  know  the  organs  by  which  this 
is  done.  The  manner  in  which  they  operate  may, 
perhaps,  be  fonie  other  time  explained  to  us,  Wc 
know  that  the  roots  of  plants  cocfil^  of  a  great 
number  of  veflcis,  moft  curioufly  imcrwovcn,  that 
beauty  and  elegance  is  given  to  thcfe  vefleU  by  meani 
of  a  fofl  fpungy  fubftance,  the  pith,  which  is  con- 
tained in  the  centre  of  the  root,  and  readily  accom- 
panies every  produiflion  from  it :  and  that  the  whole 
is  covered  by  a  fine  membrane  lijce  the  fcarf-fkin  of 
animals,  which  defends  the  reft,  and  ferves  as  a, 
ftrainer  to  the  juices  abforbed  by  the  vafcular  part 
of  the  root.  This  ftrudture,  however,  has  not  un- 
folded to  Us,  why  a  vegetable  has  life  without 
voluntary  motion.  But  thefc  organs  arc  neccflary  j 
if  any  of  them  are  taken  away  or  injured,  the  growth 
of  the  plant  is  injured  or  deftroyed. 

The  fubflancc  abforbed  by  the  roots  is  the  fame 
in  all  plants  ;  the  quantity  of  nourifliment  neceffary 
for  their  fupport  is  different  in  different  plants. 
The  firft  is  evident  from  chemical  experiments  wluch 
fhew  that  they  are  compofcd  of  the  fame  principlcSj^ 
and  Di.  Hales  and  Mr.  Bonnet  have  proved  that 
plants  abforb  from  the  foil  only  water  and  air,  at 
Icaft  that  water  and  air  will  fupport  plants  cqualLy, 
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well  with  the  foil  in  which  they  naturally  grow. 
That  the  quantity  ofnourifhtnent  or  rather  the  readi- 
ncfs  with  which  it  is  adminiftcrcd  is  different  in 
different  plants  is  evident  from  the  different  fitua- 
tions  in  which  they  naturally  grow.  Every  part  of 
this  earth  has  plants  adapted  to  it.  The  rock  of  a 
volcano,  the  richeft  foil,  the  field,  the  marfh,  the 
mofs,  the  pond,  the  river,  the  fea,  have  phnts  pecu- 
liar to  them.  In  thefe  different  fituations  water  is 
furnifhed  more  or  icfs  plentifully,  and  a  difference  in 
the  fliape  of  the  part  for  abforbing  that  moiftu  re  be- 
comes ncccffary.  The  fize  a  plant  grows  to,  the 
pofition  it  requires  lo  be  placed  in,  the  time  that  ic 
growi,  is  different  in  diffirrent  cafes,  and  an  alteration 
in  the  root,  the  principal  part  in  plants,  becomes  on 
thefe  accounts  neceffary. 

The  age  of  a  pkint  depends  intircly  on  its  root  : 
(bme  live  one  yew,  fonnc  two  years  j  others  many 
years.  In  ihofe  plants  that  live  only  one  year  it  is 
rarely  that  they  wrquirc  any  remarkable  lize,  they 
need,  therefore,  but  little  fupport  to  keep  them  in  a 
proper  pofition.  and  a  fmall  quantity  of  nourifhmcnt. 
The  root  is  in  tjiciti  fmall,  and  there  is  no  reafon 
for  its  fpreading  to  any  great  diffance,  or  becoming 
Rrong  and  woody.  The  roots  of  the  annual  plants 
confift  generally  of  a  few  fine  fibres,  which  fink 
only  a  little  way  into  the  ground.  The  fame  obfer- 
vation  is  applicable  to  the  biennial  plants;  they  are 
never  large,  and  require  but  litrlc  fupport  or  nou- 
riifainenc  :  and  it  ia  principally  by  oltcrationi  in  cfao 
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figure  of  their  roots,  ihat  they  ire  fined  fordiffertn! 
Ibils. 

1e  is  in  thcfe  plants,  chat  ^aft  for  many  years, 
iJiai  ihe  grcatclt  diverfiry  of  roots  is  obfcrvablc. 
As  the  Dumber  of  years  they  arc  difpofcd  to  laft 
is  very  different,  ihcy  differ  greatly  in  fizc,  and 
their  roots  vary  prodigioufly  from  each  other,  in 
the  direAion  in  which  they  fink  into  the  earth. 
When  the  roots  of  plants  are  faid  to  differ  from  each 
other,  it  ought  to  be  underftood  to  be  meant  to 
extend  only  ro  ihofe  parts  in  thcroots  of  plants,  that 
arc  employed  in  nouriftiing  tht  plant.  The  parts 
that  arc  occafionally  attached  to  toots,  fuch  as  bulbs, 
or  gems,  as  they  have  no  fliarc  in  nourifhing  the 
plant,  and  at  they  are  dcHined  folely  for  the  noii* 
rifhing  of  the  leaves  and  fruit  of  other  years,  (hall 
not  at  prefent  be  confidcred.- 

The  mofl:  remarkable  circumriances,  in  which  the 
roots  of  plants  differ,  are  file,  figure,  and  dirc^on, 
the  laft  of  which  is  the  caufc  ofthc  grcateft  dif-^ 
fcrcnces  among  them-  In  fome  cafes,  the  root  con- 
fifts  of  a  great  number  of  fmall  fibres,  which  fpread 
near  the  furface  of  the  ground,  and  form  an  angle 
with  it  from  20  to  30  degrees.  In  ihcfc  we  feldom 
find,  that  they  fink  above  a  few  inches  into  the 
ground,  and  never  below  the  vegetable  mould,  and 
in  the  iafgefV  trees  not  above  a  foot  or  two.  OT 
this  kind  arc  the  fibrous  and  the  branching 
roots  of  plants,  which  two  do  not  differ  from  each 
other  excepting  in  fize.    The  fibrous  root  is  (let 


koA  \reak/  lliflicient  to  fupport  the  fmaller  delicate 
plants.    The  branchirig  root  is  defined  to  nouriih 
the    larger  and  more  robuft  plants.      When  any 
injury  is  done  to   thefe  roots,  we  feldom  find  that 
the  plant  is  injured  muCh.     iTie  Wounded  part,  as 
it  is  always  fmall,  foon  heals  up,  and  if  a  part  hap- 
pens to  be  cut  oifF,  Aew  branches  fpring,  and  fupply 
its  place.     Though  this  Ihould  be  done  two  or  three 
times,  the  plant  not  only  dill   furvives,  but  grows 
with  vigour.     The  only  thing  injurious  to  the  roots 
of  plants  of  this  kind  is  (baking  them,  by  which 
their  hold  of  the  ground  is  dihiiniflied,  and  the 
more  tender  fibres,  by  which  the  Dolirifhment  it 
thiefly  abforbed,  arcdeftroycd. 

This,  fi'equently  repeated,  checks  the  growth  of 
the  plant,  and,  in  time,  flops  it  altogether.  Anothel* 
circumftance,  Vhich  would  be  perhaps  injurious  td 
the  roots  of  the  fibroCis  and  branching  kind,  is,  the 
forcing  them  much  out  of  their  natural  diredlion^ 
and  obliging  them  to  fink  deep  into  the  earth. 
Naturally,  they  fitik  but  a  fmall  way  into  the 
ground,  they  require,  oFconfeqUence,  a  rich  foil  for 
their  fapport.  If  they  are,  any  how;  made  to  fink 
deeper  into  the  foil  than  is  natural  to  them,  their 
growth  is  hutr,  partly  by  the  greater  prcflTure  of  earth 
upon  them,  partly  by  their  being  farther  removed  from 
the  foil  near  the  furface,  which,  frorti  their  natural 
diredion  feems  to  contain  the  moft  proper  food 
for  them.  If  roots,  therefore,  of  this  kind,  are  not 
planted  too  deep,  and  if  the  plunt  is  in  fuch  a  fitii>> 
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a  great  depth,  far  below  what  may  be  called  vegi» 
table  mould.  If  the  plant  be  of  any  conliderablc 
file  above  ground,  it  finks  into  and  fpreads  among 
the  r^ular  ftrata  of  earth.  The  nourifhmcnt  it 
dtaws  is  not  fo  rich  and  fubftantial,  as  that  con- 
tained in  the  foil  at  the  furfacc,  as  is  evident  from 
their  growth  bi;ing  more  checked  by  cutting 
and  drefiing,  than  fupcrficial  roots.  The  fpindic 
rOot  is  a  fingic  fibre,  which  lengthens  only  at  its 
extremity,  like  all  roots,  and  finks  perpemiicularly 
ifito  the  earth.  The  furfkce  which  this  root  expofes 
to  the  foil  is  not  co  be  reckoned  from  that  of  the 
principal  fibre.  That  is  too  fmall  in  large  trees  to 
be  fiifficicnt  for  the  fupport  of  the  plant;  but  it 
mull  be  reckoned  from  the  fibres,  which,  Yifingfrtftti 
this  trunk,  at  right  angles  from  it,  fpread  in  A 
horilontal  direftio.n  Accordihg  to  the  depth  of  the 
root,  whence  they  fpring,  they  will  draw  a  richer 
or  a  poorer  nourilhmcnt,  and  thcfe  being  after- 
wards mixed,  produce  a  compound  fit  for  the 
port  of  the  plant.  As  the  greateft  part  of  the 
of  this  kind  are  far  below  the  furface,  the  foil  «t 
the  furface  will  be  lefs  impOverifircd,  and  be  fitter 
for  the  fupport  of  plants,  whofe  roots  are  of  a  dif* 
fcrent  Ihapc.  In  roots  of  this  kind,  if  the  end  of 
the  perpendicuiar  fibre  is  cut  off,  or  injured  by  ah 
infet%  or  prevented  from  following  its  natural  di- 
rc(2ion  by  the  hardnefs  of  the  foil,  its  growth  in 
length  will  be  flopped,  and,  of  confequencc,  it  will 
not    be  able  to  fink  deep  enough  into  the  tarilk 
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to  draw  the  proper  nourifhmcnt  for  a  fuU-grown 
plant:  becaufc  the  root  will. not  grow  to  fuch  a 
fize  as  to  afford  furface  for  as  many  ropts  to  fpring, 
as  are  fqflicient  for  drawing  nouriftiment  to  a  laige 
plant.     This,  at  firft,  may  not  perhaps,  apparently 
binder  the  growth  of  th^  plant ;  for  a  while,  it  may 
ihoot  with  feeming  v^ours  bqt  if  the  pl;vit  is  jQf 
that  kind,  that  naturally  grows  to  a  great  fize,  it 
will  in  time  beoblerved,  and  the  plant,  upon  whofe 
Toof,   this    injury  has  been  committed^  will  never 
grow  to  the  fame  (ize,  qr  live  to  the  fame  age  which 
it  would  otherwifo  have  done. 

Thefe  obfervatlons  on  the  roots  of  plants  may  be 
illuftrated  and  confiriped,  from  the  culture  of  all 
perennial  plants,  but  is  moft  evidently  confirmed 
from  the  growth  of  trves,  which,  having  a  woody 
item,  grow  to  a  great  fize,  and  afford  time  for  ofaU 
fervation.  which  cannot  be  had  in  (hort-lived  plants. 
Among  the  trees,  the  a(h,  elm,  horn-beam,  and  fy- 
camore,  have  fibrous,  or  branching  roots.  The  poplars 
are  the  mod  remarkable  trees  with  creeping  roots.  The 
oak,  cheftnut,  walnut,  ancj  beech,  are  the  moft  remark- 
able trees  with  fpindlc-fliaped  roots.   The  afh  is  the 
moft  common  tree  with  fibrous  or  branching  roots. 
They  fpread  to  a  great  diftance,  and  fink  into  the 
ground  at  an  angle  of  20  degrees,  near  the  furface 
of  the  earth,  impoveriihing  the  ground  to  a  great 
diftance ;  fo  that  the  com-field$  in  the  neiorhbour- 
hood  of  the  afh  are  lefs  fertili^  than  the  fame  foil 
fXdi  di<|ancc  from  th?m.     Jn  th?  farms  iq  the  coun- 
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ticsof  Glouceftcr  and  Cheftire,  thcjr  will  not  alio* 
any  aOi  trees  togrow.  They  fay,  the  cattle  eating 
the  leaves  have  the  qualities  of  their  milk  fpoiled  ; 
but  it  is  likewifc  owing  to  the  afh-roots  impover- 
iDiing  the  fwl,  and  fpoiling  the  graft.  It  is  a 
cotnmon  obfenratton,  that  the  drop  trf"  the  afh  ttw 
is  more  injurious  than  that  of  any  tree.  This, 
tiowcver,  1  do  not  imagine  arifes  folcly  from  the 
bad  quality  of  the  rain  which  falls  from  its  kaf ; 
for  1  have  ftecped  ath  leaves  in  water,  and  uJcd 
ic  in  watering  young  trees  and  other,  plants, 
without  finding  that  they  were  injured  by  this 
treatment.  In  digging  up  a(h  trees,  the  mofl  of 
the  roots  are  obferved  to  fpread  near  the  fur&cc, 
In  confcqucnce  of  this  it  thrives  in  a  (hallow  foil. 
It  bears  tranfplanting  well,  but  is  improper  for 
bedge-rows,  ftom  its  impoverifbing  the  foil  in  its 
neighbourhood.  The  wood  is  valuable,  but  it  re- 
quires rich  land  to  make  it  gnaw  with  vigou^r 
It  U  of  flow  growth,  and  'a  not  ornamental,  frO 
its  being  fo  late  in  the  fcafon  bcfort  it  gets  its  IcaveJ 

The  fycamore  or  plane  tree  has  roots  like  the  ad 
but  they  fink  into  the   ground  at  a  greater  angl^^ 
and  go  dcqx-r   than  the  afli.      It  docs  not  injure 
grafs,  is   equally  eafy    tranfplanted  with  itj  grows 
like  it,  be(l  in   rich  ground,  but   requires  a  littl^_ 
little  lighter  foil,  and  as  it  gets  bencr  hold   of  tHj 
earth,  it  grows   in  open  fields     more    eafily, 
thrives  ii'iU  better  in  groves. 

Pretty  mu<^  of  the  fame  nature  is  the  elm,  bBtl 
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Its  foots  are  more  of  the  creepii^  kind^  fink  deeper 
into  the  foil  thaui  the  aih,  yet  will  grow  very  wdi 
in  a  clay  foil,  and  is  excellent  for  hedge  rows.  All 
tBitle;^  horfes,  lheep»  &€•  are  fond  of  its  leaves^ 
and  it  bears  tranfplanttng  very  well.  The  hom^ 
beam  has  the  fame  kind  of  root,  likes  poor  ftiff  clay, 
is  e^ly  tranfplanted,  but  injures  the  grafs.  It  is 
a  valuable  wood,  and  it  is  furprifing  it  h  not 
HMro  cultivated.  The  wood  burns  like  a  candb 
and  is  very  white  and  tough,  and  6t  for  many  par- 
poies  iti  husbandry. 

All  thefe  frees  have  fibrous  and  branching  roots* 
The  plane  finks  the  deepeft,  and  the  hom-beam 
the  lead:  Hito>  the  ground.  They  all  thrive  in  a 
ftallbwibil,  with  clay  or  tilly  bottom,  which  pre-- 
VOAtsthe  root  from  finking  deep.  They  require 
(x^  be.  fliellered  fiom  the  winds  to  hinder  their 
roots  from  being  looftned,  and  grow  bed  in  groves^ 
None  of  the  roots  fink  into  the  ground  at  a  greste^ 
angle  than  one  of  3 ^  degrees  $  they  alt  bear  tranf. 
•planting  well,  alnK>ft  at  4ny  age,  anj)  can  then 
only  be  injured  by  planting  their  roots  too  deep. 
The  fame  obfervations  apply  to  the  popter$,  only 
as  they  have  creepii^  roots,  they  bear  tranC- 
l^lktitihg  fiill  better,  and;  provided  they  havQ 
ptehty  of  moifture,  thrive  well  in  any  foil,  but 
werft  in  clay:  their  roote  fpread  near  the  furfacc, 
impoterifh  land,  and  will  allow  nothing  clfe  to  grow. 

The  oak^  ch^ftnut,  walnut,  and  beech, have  fpindle- 
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(haped  roou.  They  require  a  deep  foil.  Tbcjr 
do  not  bear  cunrpUnring,  iuid  we  never  find  them 
to  grow  to  chcir  full  fizc,  but  when  in  natural 
Wood«,  where  their  feeds  have  been  fown  in  places 
where  they  are  now  growing.  When  raifed  in  i 
nurfery,  and  tranfplanred,  they  thrive  for  fomc  time^ 
make  a  tolerable  (hew  as  ornamenul  trees,  but  arc 
fcldom  ftraight,  tall^  and  heiuiiml.  They  alwayi 
retain  the  marks  of  this  improper  management,  and 
nnd  arc  generally  crooked  and  of  low  ftaturc.  All 
the  trees  that  bear  nuts  are  furnifticd  with  the  fame 
roots,  and  arc  injured  by  the  fame  treatment  The 
fir  tribe,  in  which  1  include  the  larix  and  cedar, 
may  he  palled  nut-bearing  trees  ;  for  they  are  all 
furnished  with  a  hard  (hcll^  which  includes  a  nuio- 
bcr  offccdi.  They  have  roots  fom<;what  fuiguiarlf- 
Ibapcd.  The  principal  root  refembles  a  fpindl^. 
This  fmks  perpendicularly  into  the  groundj  ^ad  they 
require,  accordingly,  a  deep  gravelly  foil,  and  do 
not  bear  tranfplanting.  The  Icafl  Injury  to  U^ 
cxtremiy  of  this  root  check*  the  growth  of  the  ticfri 
But  they  have  likcwifc  a  great  number  of  AinU 
roots  that  fprcad  liorizontally,  almoil  even  with  4<e 
furfacc  of  the  ground,  Inconfojucnceof  t^  thqr 
dctlroy  ibc  gpifa  m  ibcic  neighbourhood,  «nd  dipui^ 
they  4°  J"!  die  when  their  fpindlc  root  i&  inert,  xbtf. 
do  not  grow  to  a  great  fizc,  arc  unhealthy,  and  arc  c»- 
pablc  of  dr-j^ing  out  a  mifciablc  cxiftencc  Host 
[  IcQgth  of  cioic. 


oir  wmsi  R0CKVS.09  flaitts^.  30it: 

TBieie  obTervations -cm  tlii^  roota:  of  tr^^  poiiH^ 
Diit  the  mfimivhf  mtturali  wbods^  dxc^L  thc^  thte 
u«  planted^,  bceaufe  in  aiPcafcB.tlie  ri)Qt8.oftrrai  wt^ 
injbitdfbjT  tranTpiinringj;  why^tbe  ifijUiyf  is  grOteftr 
td'^tbt roots c£  thdfe  tr«  thiRlflinlif  deq^into- tjit: 
groiihd;  vrhfy\  tht  zfh^  the  dmy  thcbhorfthefun^,  ahd- 
even  the  fycamore  may  be  raifed  in  the  nurfery,  in 
the  ufual  manner ;  and  why  no  attention  is  neceflary  in 
the  raifing  of  poplars^  but  to  plant  them  in  a  wet 
foil.  But  if  we  wifh  to  raife  tho(e  mod  ufeful  and 
beautiful  of  all  trees^  the  oak^  the  chellnut^  the 
beech^  and  the  walnut^  we  muft  choofe  a  deep  foil^ 
and  plant  the  feeds  where  the  trees  are  intended 
to  remain;  all  the  trouble  this  requires  is  but 
keeping  them  clear  of  weeds  the  firft  year  or  two. 
The  cheftnut  and  walnut  may  thus  be  reftored  to  this 
country;  and  thofewho  may  diflike  this  mannerof  rear- 
11^  trees^  as  being  flower  than  by  planting  large  plants 
from  a  nurfery^  may  be  aflured^  that  any  difference  of 
this  kind  will  notrbftcdb^ftrvabkia  ithree  or  four  years. 
This  pradice  might  be  extended  to  advantage  per- 
haps in  the  fir  tribe ;  though  in  them^  planting  them 
two  or  three  years  old  from  the  nurfcry  will  anfwer 
very  well.  If  the  cheflnut  and  walnut  are  raifed  for 
the  fake  of  their  nuts,  the  pradtice  recommended  s 
not  proper,  it  is  only  applicable  when  we  raife  them 
on  account  of  their  wood  :  but  this  is  fo  obvious  that 
I  fhall  not  take  up  time  by  infifting  on  it* 

Neither  do  the  obfcrvations  apply  where  large  fhoots 
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are  wanted,  where  length  is  of  more  importance  than 
any  thing,  as  in  (hoots  for  hoops,  &c.  For  this  pur- 
pofe  a  different  foil  from  that  mention«I  above  is 
neceflary,  fuch  as  contains  much  moifture,  and  is . 
eafily  penetrated.  Thus  the  a(h  in  boggy  land 
makes  Jai ge  Ihoora  ^'  fc-  ""ips,  and  is  very  profitable. 
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QN  FERMENTJTION. 
Read  A.  D.  1785. 


A  BODY  is  faid  to  have  been  fermented  when  its 
'enfible  qualities  are  much  changed  without  any  re- 
markable caufe  of  the  alteration  being  perceived* 
All  v^etable  and .  animal  fubftances  are  capable  of 
having  their  properties  more  or  lefs  altered  in  this 
manner^  unlefs  they  have  been  expofed  to  fuch  st 
degree  of  heat  as  to  diflipate  their  watery  moifture 
either  wholly  or  partially^  and  reduce  them  to  the 
ftate  of  charcoal^  or  drynefs.     They  alfo  may  be  de- 
prived of  their  difpofition  to  ferment  by  theaddi-^ 
tion  of  certain  fubftanccs  of  the  faline,  bitter^  or 
aromatic  kind.     This  change  in  the  qualities  of  bo-, 
dies  h  often  the  only  mark  of  preceding  fernienta-. 
tion;  though  fometimes  it  is  attended  through  itg; 
^olecourfe^  with  ahifling  noife,  the  emiffion  off 
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numerous    air  bubbles,    and  a  copious   froth 
fcum  upon  the  furfece. 

Though  all  vegetable  and  animal  fubftances  in 
their  recent  or  frefli  ftatc  are  capable  of  having  their 
properties  changed ,  by  fermentation,  yet  the  change 
in  quality  as  wcH  as  the  circumftanccs  which  ac- 
company it,  vary  much  in  difTcrenl  individuals. 
We  always  find  that  animal  and  vegetable  fub- 
ftances mixed  with  much  water,  fall  very  readily  of 
themfelves  ijito  this  procefs.  Frequently  the  eye 
can  difcover  no  change  in  the  properties  from 
which  the  preceding  fermentation  can  be  inferred; 
yet  the  alteration  in  confiftence,  in  tafte,  or  fmell 
afford  a  certain  method  of  difcovcnng  fermentation. 
In  many  cafes,  however,  we  can  perceive  that  fome- 
ihing  isgoingon,  and  from  the  quantity  of  elaftic 
matter  feparating,  we  are  led  by  experience  tQ  ex-  , 
pedt  a  change  in  the  other  qualities  of  the  bodf. 
Thefe  changes,  whether  induced  by  invifible  or  fen- 
lible  fermentation,  have  given  origin  to  the  different 
rtages  into  which  fermentation  has  been  divided. 
A  body,  by  fermentation,  is  fomctimcs  chsjnged  into 
a  vinous  liq_uor,  of  the  nature  of  wine  or  ale;  in 
others  it  itcquires  acid  properties  like  vin^r,  with 
or  without  the  preceding  vinous  flate;  and  in  others 
the  body  becomes  putrid  and  rotten  after  having 
been  in  the  flateof  wine  or  vinegar,  aijd  often  be- 
comes putrid  without  having  ever  been  in  any  of 
thefe  flares.  Hence  fermentation  has  been  divided 
into  three  flagcs,  the  vinous,  the  acetous,  and  the 


-pamikSdve.     All  (ubftances  that  are -inflammable 

-and  capable  <^f  mixing  with  water  niay  be  made  to 

?.ftmient  in  feme  of  th^fe  three  ways. 

)    As  all  botti4»  that  ferment  are  inflanimable,  fo  we 

^flnd  genelally  that  more  or  lefs  heat  is  produced 

^during  the  pl'ocd^.    The  more  heat  that  is  produced 

-by  thcf fermentation,  the  more  nearly  does  the  body 

approach' in 'ifes  properties^fter  it  to  the  ftate  it  would 

hate  been'  kft  in  ^ftd-  inflammation .    To  what  this  -is 

'  owing  b-  hot  very  eafiiy  afligned,  butt)ne  is  almoft  M. 

'to  ititagine,  that  air,  whii^h  is  the  principal  agent  in 

x|irobucing  Adrt  ddrihg  the inflamhtatioh  of  a:  body,  4s 

•iaMbin  pirtxtincernod^in  prbducihg  the  heat  In  fd-- 

i  iMirtatiofiy^ahdis  Kkewile  th^rhief  a      irfthc  diah^c 

in  the  properties  ofbodies  produced  by  it.    Some 

''^f  the  changes  produced'by  fermentation  -arciifcful 

'^^  agreeable.    '  Wc  therefore  "ehcourage  the  ptocefs 

in  variobs  ways*    'When  die  -change  is  dilagreeable 

•tor  huttful,  ^we  -endeaVour  *stB  mufch  as  poflible  to 

-  jpireverit  it.    Though  thefe  changes  have  %een  long 

known,  and  though ^ilhe  induftry  of 'rftirn  has  be*n 

•long  •employed  to  promote    or  retard  •  them,   the 

•<aulc  of  them   is   not  fet   properly  -afcertairied. 

-Many  explamtfions  of- them  have   been  given  by 

eminent  men,   and  -much  has  been    faid  upon  the 

•.  febjeft.    It  is  not  my  intention  at  prelent  to  give 

a  foil  account  of  fermentation :  it  would  take  up 

€66  much  time,  and  #dukl  furnifti  matter  for  fe- 

veralefTays.     I  (hall  confine  myfcif  at  prefcnt  to 

the  caufes  of  the  diflferciKes  obferved  in  thefe  bo* 
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dies,  which  have  undergone  the  vinous  feiinents- 
tion.  I:  may  be  proper  to  obfcrvc,  that  great  dif- 
ferences in  fermemation  arife  from  the  variwis  fpcciei 

of  mauer  of  which  different fubftanccs  are  compofed. 
According  as  the  body  is  Cmple  or  compounded  its 
fermentation  will  conlift  of  only  one  ftage,  or  of  two 
or  three  joined  together.  Of  all  the  parts  of  vege- 
table or  animal  fubftanccs  w  hich  may  be  fermented, 
thofc  that  have  a  fweet  tafte  are  capable  of  beii^ 
changed  in  the  greatcil  variety  of  ways  by  it.  If 
the  fwcct  matter  is  inuiiixed  with  any  other,  we  can 
make  it  fittt  into  wine,  then  vinegar,  and  Ullly 
putrid;  and  the  order  cannot  be  altered  or  reverfed. 
It  cannot  be  made  into  vinegar  after  being  putrid, 

.jj(|f  into  wine  after  being  vinegar. 

i,u.  Vegetable  fubftances  fumifli  this  fweet  matter  in 
greatcd  abundance ;  a  htilc  fweet  matter  is  alfo  found 
in  the  animal  Ungdom,  but«onIy  in  the  milk  of 
animals.  The  milk  of  animals  in  its  fermentation 
lefcmbles  thatof  fuect  vt^etablc  matter,  but  on  ac- 
count of  its  intimate  mixture  with  various  animal 
iubflances,  it  differs  in  fomc  refpefts  from  it.  Na- 
ture has  furnifhed  a  vaft  variety  of  vegetables  that 
have  a  fweet  tafte  j  and  as  along  with  the  fweci  mat- 
ter there  is  a  great  quantity  of  water,  the  procefs  of 
fermentation  is  frequently  going  on  fpontaneoufly, 
and  muft  have  been  obferved  at  a  very  early  period. 
Sweet  fubRances  are  thofe  only  that  can  be  reduced 
into   the   ilate   of  wine.     The   exhilarating  quality 
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which  the  fweet  matter  thus  acquires,  made  it  verf 
generally  liked  wherever  it  was  known^  and  the  vi* 
nous  fermentation  was  probably  not  only  the  firft 
ipecies  of  this  proccfs  performed  intentionally,  but 
Ukewife  the  firft  which  became  the  bulinefs  of  a 
trade  or  profefliom 

We  do  not  know  when  this  difcovery  was  firft 
made  I  but  wine  feems  to  have  been  a  very  early 
ipecies  of  luxury :  in  many  places  it  is  a  neceifary 
of  life.  In  thofe  countries  where  grapes  were 
ftarce,  otl^er  fruits  were  fubftituted ;  and  where  fruit 
was  not  fo  plentifiil,  the  fiirinaceous  feeds  prepared  in 
a  particular  manner  afforded  a  liquor  poifefling  thp 
intoxicating  quality,  though  not  the  pleafant  tafte 
and  flavour  of  wine.  In  countries  where  neither 
fruits  nor  grain  were  common,  or  where  the  manner 
of  fermenting  them  was  unknown,  fubftitutes  were 
difcovered  which  poflefled  the  enlivenii^  or  ftupify- 
'  ing  qualities  of  the  juice  of  the  grape.  Some  of 
thefc  were  prepared  frcnn  milk  by  fermentation,  and 
others  are  aromatic  ftupifying  plants,  fuch  as  opium, 
tobacco,  the  areca,  and  beetle-nut,  and  the  kava 
of  the  South  Pacific  Ocean.  It  has  indeed  been 
aflcrted  thatnoliquor  likethat  which  Buchanan  alleges 
the  ancient  Caledonians  employed,  can  be  procured 
from  milk.  But  whey  boiled  to  a  proper  confiftence 
may  be  made  to  fall  into  the  vinous  fermentation."* 
The  fame  precautions  are  indeed  requifitc,    with^ 

♦  A  liquor  of  this  kind   was  ufcd  not  only  hy  the  Gauls  buf 
jilfo  by  fome  of  the  Tartar  Natjoos. 
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out  which  it  will  become  four,  inftcad  of  acqyjr&f 
the  properties  of  a  vinous  liquor. 

Of  all  the  fruits,  the  vine  is  that  whc^c  fweetndi 
moft  cafily  fiilU  into  the  Ihtc  of  an  agreeable  vinous 
liquor  by  fcrnrvcntation.  But  the  wine  -from  the 
juice  of  the  grape  has  been  known  from  a  very  re- 
mote period,  and  the  ancient  Greeks  and  Romans 
were  good  judges  of  it,  and  well  (killed  in  its  pre- 
jnration.  Yet  tbey  do  not  fcem  to  have  underftood 
^he  change  which  the  fermentation  had  produced 
upon  the  nature  of  the  juice  In  the  fruit.  At  Icaft 
we  are  entiried  to  conclude  this  from  their  total  fi- 
Icnce  ufwn  this  fubjeiS:. 

Ac  what  period  mankind  inade  the  difcovery  that 
wine  owed  its  chief  qualities  Go  the  production  of  a 
fmall  quantity  of  fluid,  fuch  as  is  now  called  fpirit 
of  wine,  is  not  more  diftindtly  known.  When  it 
was  firfl:  difcovered  it  would  be  confidered  as  very 
curious,  that  a  fmall  quantity  of  a  colourlefs  fluid 
being  (eparaied  from  wine,  it  became  naufeous  and 
difagreeablcj  white  the  fluid  feparated,  though  it 
had  little  of  the  fmell  or  flavour,  and  none  of  the 
taftc  of  the  wine,  poflen'ed  its  other  properties  in 
a  very  high  degree.  The  difcovery  feems  not  to 
have  been  made  in  the  time  of  Piiny,  for  he  men- 
tions nothing  about  it.  The  only  thing  which 
looks  like  it  in  any  ancient  author,  is  the  difcovery 
afcribcd  to  the  elder  Caio,  offeparating  water  from 
wine  by  putting  it  into  a  difli  made  of  dry  wood. 
Wine  and  water  mixed   poured  into  a  veflcl  made 


tif^dut  WMMd^  were  foon  fqnrated  thio«|^ 'the  poitss 
of  the  wood^  and  the  wine  remained  bdiind^  An 
«ioient  author,  giving  an  account  of  this  difcoveFjr, 
fkys,  that  the  wine  pafled  through^  and  the  water 
^remained  behind*  Mr.  Ray  lays,  in  his  Hifioria 
Plantarum,  that  he  tried  the  experiment,  and  Ihit 
no  feparation  of  the  wine  from  the  water,  or  water 
from  the  wine  took  place,  but  that  both  piafled 
^through  the  Wood  together.  A  modem  traveller, 
^indeed,  aflerts,  that  he  aftonifhed  fome  of  the  wan- 
•dering  Arabs  with  this  experiment-;  and  mentions 
k  as  a  ftrong  mark  of  their  ignorance,  in  being  fur* 
prifed  at  an  experiment,  which  evtry  body  in  Europe 
knew  haw  to  perform. 

The  Arabians  are  (aid  to  have   firft  difcovered 
'the  method  of  feparatii^  fpirit  from  wine,  but  at 
what  period  is  unknown.     It  is,  however,  not  im- 
probable that  this  was  firft  difcovered  at  the  time 
when  attempts  were  made  to  form  gold  and  filver. 

Subftances  which  have  undergone  the  vinous  fer- 
mentation, fumilhaportion  of  fpirit  of  wine,  which, 
when  properly  purified,  feems  to  be  poffefTed  of 
'the  fame  properties,  though  the  fubftances  which 
yielded  it  differ  much  from  each  other.  The  fpirit 
at  firft  obtained  poflefles  fome  of  the  properties  of 
the  fubftance  from  which  it  was  obtained,  par- 
ticularly a  little  of  the  original  flavour,  fo  that  we 
can  eafily  diftinguifii  by  the  fmell,  and  other  pro- 
perties of  the  fpirit,  the  fubftance  which  furnilhcd 
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it.  Kut  even  when  the  difFercnccs  betwixt  fpints  arc 
ftatcd  33  high  as  poflible,  they  never  equal  the  dif- 
ftrrenccs  between  the  vinous  liquors  which  fur- 
nifticd  them. 

The  diifcrence  between  wines  and  the  fpirit  which 
they  yield  by  diftilUtion  is  owing  to  the  manner  of 
nuinaging  the  fermeiualion,  and  allowing  it  either  to 
proceed  Uovvly  or  more  rapidly,  or  flopping  it  alto- 
gether after  it  has  proceeded  fome  length.  But  con- 
fiderablc  differences  arife  tVoin  the  various  fubllanca 
with  which,  in  different  bodies,  the  fwect  matter  is 
blended.  It  may,  perhaps,  not  be  improper  to 
mention  fome  inftanccs  of  the  cffefls  of  each  of  thefe, 
in  [he  management  of  the  fweet  matter  of  the  grape. 

The  quantity  of  fweet  matter  in  the  grape  varies 
in  the  fame  f[>ccics,  in  different  years,  and  in  different 
foils.  Innocafc.does  the  juice  of  the  grape  confift  of 
mere  fweet  matter  and  water:  it  always  contailM^ 
bcfidcs  thcfc,  funic  larinaccnus  and  mucilaginous 
matter,  a  fmaU  quantity  of  odorous  matter,  fome  oi 
the  cffential  fait  of  the  vine,  commonly  koown  fay 
the  name  of  tartar,  and  a  little  colouring  matter. 
,  U'hen  the  feafon  is  favourable  and  the  foil  good,  the 
rvU  ot  the  inj^redicQts  bear  but  a  fmall  proportion  to 
the  [acL'harine  part,  and  the  quantity  of  water  ts  alio 
very  little.  iJut  in  bad  foils,  and  unfavourable  fca- 
fons,  the  juice  of  tnc  giapc  is  Kty  ujtcry,  and  the 
fwcec  matter  is  much  dinjiniflicd.  The  proportion 
ot  the  other  parts  is  jjicuttr  and  more  perceptible 
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to  the  tafte;  the  grape  does  not  acquire  that  lufcious 
iVvectnefs^  but  in  its  •  riper  ftate  has  a  rough  and 
fcur  tafle.  When  the  juice  has  fuch  different 
qualities  in  difierent  feafons  and  fituations^  the  liquor 
produced  by  fermentation  is  proportionably  va- 
rious*   No  part  of  the  juice,  excepting  the  fweet 

•  part^'Ciui  be  changed  into  fpirit  by  fermentation. 
.  The  acid  and  farinaceous  or  mucil^inous  parts  are 

cither  advanced  already  to  another  flage  of  ferroenta. 
tioH^  the  acetous^  and  cannot  be  made  to  return 
back  again  to  the  .vinous,  or  are  of  fuch  a  kind  as  to 
be  incaps^ble  pf  both  the  vinous  and  acetous  fer- 
,  mentation.  \  Q[  this  kind  are  the  farinaceous  and 
!  mucilaginous  part,  which  neither  can  be  made  four 

•  apr  vinouSj .  if  perfectly  pure.    The  liquor  produced 
f  im  this  cafe  is  more  acid  and  ropy  than  it  would 

have  been   if  the  proportion  of  fweet  matter  had 
.  been  gredter. 

But  the  quantity  of  acid  and  other  parts  in  the 

wine  are  not  thofe  only  which  originally  exifted  in 

the  juice  of  the  grape :  a  part  is  produced  by  the 
^^sarKntation ;  though  the  pure  fweet  matter  would 

all  be  changed  by  it  into  pure  fpirit,    yet,  fweet 
;  matter  being  capable  of  becoming  both  fpirit  and 

vinegar,  by  fermentation,  according  to  circumitanccs, 

'a,-part  changes  into  the  one,  and  a  part  into  the  other, 
.  if  the  fermentation  is  not  ftopped  precifely  at  the 

end  of  the  vinous  ftage.    This  is  not  eafily  effe<fled^ 
-  even  when  the  grape  is  in  the  mod  favourable  (late. 

lyhen  it  is  not  fo,  when  it  contains  acid  parts  at 
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'firft,  it  is  hardly  pnitfticablc :  for  the  acid  part  in 
■the  grape  is  very  rouch  ditpofcd  to  bring  on  the 
acetous  Icrmcntation  from  the  b^inning,  and'Oiould 
«t  fail  of  having  this  eft'c^l,  it  ic  ftill  difpofodtomaice 
the  wine  run  into  the  acid  (Vate  immediately  after  the 
vinous  fcrnwrnation  is  over. 

The  farinaceous  and  mucihiginous  parts  atfo  have 
-a  (hare  in  producing  this  cffed.  Jn  their  pure  Jhtc, 
"they  can  neither  be  changed  into  wine  tror  vin^rby 
•fermentation,  as  has  been  obfervcd  a  Httle  ago.  Not- 
'withfhinding  this,  when  mixed  with  a  little  fwe^ 
■matter,  they  all  ferment  together,  and  may  either 
change  wholly  into  wine,  or  wholly  into  vliKgar, 
■according  to  the  proportion  of  fwect  matter  mixed 
with  them.  If  the  quantity  of  fweet  mitier  be  v«ry 
great,  the  farinaceous  parts  arc  entirely  changed  inio 
the  fame  wine,  with  the  fweet  part.  If  the  quantity 
of  faccharinc  matter  is  very  fmall,  the  whole  becomes 
vin^ar,  and  has  little  appearance  of  ever  having 
been  in  the  vinous  ftate.  The  mucilaginous  part 
is  difpofcd  to  alter  a  little  in  the  fame  manner,  though 
its  effcifls  are  not  fo  well  underftood,  or  fo  well 
confirmed  by  experiment. 

This  property  of  farinaceous  mntrcr  mixed  with 
faccharine  matter  has  been  long  known ;  and  it  has 
been  alfo  long  known,  that  farinaceous  matter  mixed 
with  fomc  other  fubftances,  is  capable  of  under- 
going (till  more  wonderful  changes.  Thus,  a  qua*- 
tity  of  meal  from  wheat,  barley,  or  oats, 
{gmltft  put  is  farinaceous,  when  mixed  with  \ 
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becomoij  hy:  fermentation,  a  little  acid,  butfeems 
never  to  acquire  any  of  the  properties  of  wine,  but 
remfins  in  the  ftate  of  flummery*     If  the  fame  meal  ^ 
be  jnixed  with  a  quantity  of  fugar^  or  any  other- fweet^ 
matter,  it  then. falls  into  the  vinous  (lace,  and  the 
quantity  of.  fpirit  produced  is  much  greater  than  the 
fweet  matter  alone  would  have  fornifhed  •  We  know, 
that  the  farinaceous  matter^  when  it  conftituted'a 
pact  of  the  feed  of  :a  plant,  is  capable  of  being  changed^ 
intircly  intoi.  fweet  matter.     MoftJdndi  of  grain 
have  little  or  no  fweet;  matter  in  them   in  their 
natural  ftate.     When  put  into  the  earth,  theygra^. 
dasdUy  acquire  a  fweet.  tafte^  and  retain  this  during 
the  tender  flaici  of  the  young  plane.  When  the  plane 
fatf  acquired  fufiicient  ftrength  to  fupport  itfelf,  the 
fweet  tafle  is  no  longer  perceptible.     The  fame 
change  is  produced  upon  the  feed,  when  ftceped  in 
water,  and  laid  in  heaps  to  vegetate ;    and   if  the 
v^etadon  is  flopped  at  a  proper  period^  the  whole 
farinaceous;  parts  of  the  feed  change  into  fWeet  mat^ 
tff,  which,  likC' the  native  fweetSj  may  bie  made  to 
ufldeigo .  the  vinous  fermentation,  and  be  changed 
into  fpirits.     This  artificial  fweet  matter  is  in  its 
greateft  perfedtion  when  the.  vegetation  has  pro- 
Qceded  fo  far  that  the  plume  has  become  as  long  as 
the  feed,  and  begins  to  penetrate  the  fcarfskin  at  the 
end  oppofite  to  that  where  the  corculum  is  fixed  to 
the  cotyledon. 

Many  have  thought,   and   ftill   think,  that  the 
powers  of  vegetation  only  can  produce  this  change 
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in  At  lanittCCOQs  navor,  and  larc  been  diipofrd  to 
CDofider  the  gnxvth  of  fccdi  and  the  generation  of 
aaiimU  as  beif^  each  the  piDdncc  of  fcnnencadon, 
though  of  a  differmt  kind  from  anr  I  mcmioned  m 
the  fbnnrr  put  of  this  efiay.  Bat  whether  ire  con- 
&dcr  this  alicntion  in  the  liuinaceous  nutter  as  a 
diftincl  fpecicj  of  fermentation  or  not,  certainly  the 
powers  of  vegetable  life  arc  no  way  concerned,  or 
necrfiary  to  it.  It  is  not  durir^  the  growth  only  of 
the  feed  that  this  change  can  be  effected ;  but  a 
quantity  of  the  fweet  mancr  produced  by  the  growth 
of  the  Iced  mixed  with  a  quantit}'  of  the  fame  feed 
ground  ir»»  powder,  and  the  whole  mixed  with  a 
proper  quantity  of  water,  will  all  become  fweer,  and 
hil  afterwards  into  the  vinous  fermentation,  and  t 
dunged  into  fpirits  in  the  feme  manner  as  if  1 
wilok  bad  been  previoufly  altered  by  the  vegctatidl 
of  the  feed.  Were  it  not  for  this  property  of  the 
farina,  great  lofs  would  frequently  be  fuRained  bjr 
the  fanners  in  unfavourable  fca(bns  ;  grain  that  I 
once  begun  to  grow,  and  whofc  vegetation  has  I: 
flopped,  can  never  be  made  to  grow  again.  SucS 
grain  never  can  undergo  any  further  maliii^;  when 
grain  has  been  made  to  grow  in  this  improper  man- 
ner, it  can  hardly  be  fuppofcd  that  the  change  into 
faccharine  matters  is  pcrfeft  or  complete.  It.  there- 
fore, would  be  Icfs  proper  for  the  vinous  fermenta- 
tion, and  would  furnifli  a  fmallcr  quantit>-  of  fpirit 
than  {»rain  which  had  been  perfectly  matted.  This 
grain,    however,  when  mixed  with  a  quantity  of 
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perfcdt  ipalCj    and  fermented/  furniflies  as  much 
fpirit  as  if  the  whole  had  been  in  the.ftate  of  malt. 
The  perfons  in  this  trade  even  prefer  it  to  an  equal 
quantity  of  malt ;  for  in  good  feafons^  when  no  fuch 
half  malted  or  half  fpoiled  grain  can  be  got^  they 
take  good  grain^  reduce  it  to  meal»  and  mix  it  with 
their  malt,  and  are  fatisfied  that  they  obtain  more 
ipirits  in  this  way,  than  from  an  equal  quantity  of. ) 
good  malt.     Thofe  who'  follow  this  pradice  are;: 
very  good  judges  of  this  circumftance,  and  indeed^  . 
it  is  otherwife  fo  eaiily  afcertained,  that  we  can  . 
hardly  fuppofe  them  miftaken.    If  one  was  diipofed  , 
to  alter  the  ancient  fyftem  of  fermentation,  I  (hould 
be  a  good  deal  inclined  to  add  a  new  ftage  to  thif 
procefs, .  and  fay,  that  fermentation  confifts  of  four . 
flages,  the  faccharine,  the  vinous,  the  acetous,  and . 
putrefacflive.    But  it  is  rather  too  foon  to  propofe . 
this   alteration,   though  what  has  been  mentioned 
may  ferve  to  jQiew  that  certain  mixtures  of  £iri« 
naceous  matter  with  fweet  matter  may  be  wholly 
changed  into  faccharine  matter,  and  the  fweet  mat« 
ter  with  which  it  is  mixed  might  be  coniidered  in 
the  fame  light  with  yeft  in  the  vinous  fermentation. 
But  many  things  are  wanted  before  this  opinion  can 
be  fupported  by  experiment. 

When  the  fweet  matter  mixed  with  farina  is  fmall 
in  proportion  to  it,  the  whole  falls  eafily  into  the 
(late  of  vinegar.  Hence,  the  fame  principle,  which  in 
fevQUrable  feafons,  when  the  fweet  matter  is  in  great 
quantity  in  the  grape,  contributes  to  the  ftrcngth  of 
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the  vine,  in  a  bad  (afoa,  promotes  its  acidity.  It 
may,  probably,  alfo  happen,  that  from  want  of- 
proper  maiurity,  the  mucilage  in  the  grape  may" 
Ibmecimei  be  In  too  large  proponion,  the  quantity  of 
facclurinc  matter  being  no  greater  than  its  ufual 
quantity  ;  hut  this  is  mere  conjedure,  and  ukes 
place  very  rarely.  When  this  is  not  the  cafe,  when 
the  only  fault  in  the  grape  is,  its  being  too  watery, 
from  too  much  rain  in  the  end  of  the  feafon,  this 
may  be  cured  in  part,  by  taking  the  juice  after  it  is 
fqueezcd,  and  depriving  it  of  a  little  of  its  water  by 
expofing  it  for  fome  time  to  heat. 

The  fweet  matter  thus  concentrated,  may  be  mixed- 
with  fome  juice  in  its  natural  ftate:  the  whole  thuS: 
becomes  fitter  for  producing  a  ftrong  wine.  This, 
operation  is  often  performed,  even  when  the  vintage 
is- favourable,  and  the  juice  of  the  grape  fuRiciently 
fWeet.  By  this  means,  a  ftronger  and  fwectcr  wine 
is  produced  than  the  juice  of  the  grape  in  its  or- 
dinary ft.ite  could  have  yielded.  The  part  of  the- 
juice  which  was  deprived  of  fome  of  its  water  by 
hear,  fcrmen-s  wirtt  greater  difficulty^  the  wine  re- 
tains a  fwcct  t.allc  for  a  longer  time  from  this  caufc, 
and  this  rallc.  by  very  ftmple  opcntions ,  may  ba 
retained  for  a  very  long  time. 

The  concentration  of  the  juice  of  the  g&'apc  by 
fire  is  chiefly  applicable  to  the  preparation  of  fweet 
wines  ;  ihpfe  that  are  valued  for  their  fine  flavour, 
and  Hiarpnefs  cannot  be  prepared  in  this  way  ia 
any  tolerable  degree  of  ftfrfedion.  The  fweet  matter 


ON    FEaMEKTATIO*. 


3S1 


in  the  grape  being  in  greater  or  ramllcr  qamtity,  m 
proportion  to  the  other  parts,  and  varying  in  quality 
as  n-ell  3s  quantity  in  different  foils  and  fcaTons,  and 
having  its  properties  changed  by  fire,  occafion  great 
diiferences  in  the  wine.  It  may  alfo  be  added, 
upon  this  fobjeft,  that  even  in  moft  favourable 
ycarj,  it  never  happens  that  all  the  grapes  in  a  vine- 
yard. Or  even  all  the  berries  in  one  clufter  of  grapes 
acquire  the  lame  degree  of  maturity  at  the  fame 
inflant.  Great  attention  is  necelTary  to  feparate 
thofc  that  are  tK)t  perfcdiy  ripe,  and  thofe  that  are 
any  way  injured  from  the  refl.  The  more  accurately 
this  is  performed,  the  finer  will  the  wine  be,  and 
from  this  circumftance,  great  varieties  are  produced, 
and  the  wines  from  vineyards  in  the  fame  foil,  and 
othcrwife  managed  in  the  fame  manner,  differ  as 
much  from  one  another,  as  tUe  wines  of  differcnc 
fcafons  and  foils. 

Befidea  thcfe  caufes  of  differences  in  fubftancea 
that  have  undergone  the  vinous  fermentation,  another 
may  be  mentioned,  the  effe<3:  of  foil  and  climate 
upon  the  odorous  principle  of  the  grape.  In  this, 
as  well  as  moft  fruits,  which  have  been  much  cul- 
tivated, there  is  a  vaft  variety  produced  by  culture. 
Though  all  of  thefe  are  compofed  of  nearly  the  fame 
principles,  fmall  differences  are  perceived.  The 
fmell  and  flavour  differ  remarkably  in  different  in- 
dividuals. The  liquor,  after  fermcntr.rion,  retains 
in  a  great  mcafurc  the  original  flavour  of  the  fruit. 
Xhis  is  the  chief  caufe  of  the  delicate  differences 
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among  wines.  Proprietors  of  large  \-ineyarc1s  haje 
an  opportunity  of  producing  more  high  flavoured 
wines  than  the  proprietor  of  a  fmalt  one.  Thcii 
wealth  and  connc(5tions  give  ihcm  opportunities  of 
coIlcd;rg  every  fpecies  of  vine  which  has  been  ef- 
teemed  for  its  flavour;  they  even  try  to  obtain  new 
varieties.  At  the  fame  time,  by  mixing  grapes  dif- 
fering in  flavour,  a  wine  is  often  produced  fupc- 
rior  to  what  any  finglc  fpecics  could  have  yielded. 

Befides  the  caufes  already  mentioned  of  tlie  dif- 
ferences in  bodies  which  have  paficd  through  the 
vinous  fermentation,  (cveral  others  might  be  enu- 
merated. I  flial!  only  mention  two.  The  firft  i*. 
the  caufe  of  the  different  colours  in  wine :  the  other 
the  caufe  of  their  harfiinefs,  their  fweetncft,  their 
fparkling,  or  not  fparkling  in  the  glafs.  There  arc 
(WO  fpecies  of  grape,  of  which  the  colour  only  is 
attended  to,  the  white  and  the  red  grape.  Origi- 
nally, perhaps,  vhicc  wines  were  made  from  white 
grapes  only,  and  red  from  red  grapes.  At  prcfent 
red  wine  is  fomelimes  made  from  white  grapes,  but 
all  white  wines  that  arc  valued,  .is  well  as  all  the 
admired  red  wines,  are  the  produce  of  the  red  grape. 
The  juice  of  the  red  grape  is  as  colourlefs  as  that  of 
the  white.  The  colour  rrfidcs  in  the  Skin-  It 
is  eafy  to  prevent  the  colouring  matter  of  the  huft 
fromaflcdUng  tho juice,  by  prelling  the  grapes gtndy, 
and  taking  care  to  do  this  without  tticir  having  been 
expofcd  to  ilic  I'un  after  being  pulli-d  and  piLiicd. 
If  the  juice  i&  wanted  of  a  red  colour,  the  fun  is 
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allowed  to  beat  upon    the  pulled  grapes    before 
thej  are  prefied.    Some  of  the  (kins  are  allowed  to 
remain  mixed  with  the  juice  after  it  is  fqueezed  out^ 
and  fometimes,  though  rarely,  the  fkins  are  boiled 
in  water,  and  the  water  mixed  with  the  juice,  or  the 
ikins  are  boiled  with  a  part  of  the  juice,  and  then 
mixed  with  the  reft.    According  to  the  proportion 
of  colouring  matter  thyt  has  mixed  with  the  juice^ 
the  wine  is  either  almoft  as  colourlefs  as  water^  pc 
t>f  a  deep  red,  and  all  the  intermediate  fliades  may 
in  this  manner  be  produced  from  the .  red  grape. 
White  and  red  Champaigne  are  made  in  this  man- 
ner from  the  fame  grape>  and  the  ftill  more  admired 
kind,  the  yaix  de  Perdri^.     When  red  wine  is  to 
be  made  from  the  juice  of  white  grapes^  fome  co* 
louring  drug,  as  tumfol  or  archil  is  neceflary  to 
die  the  juice  of  the  defired  colour :  but  this  is  a  bad. 
pradice,  is  now  Isud  alide  almoft  entirely,  and  can 
hardly  be  ever  ufeful,  as  the  red  is  as  hardy  as  the 
white  grape.    The  fweetnefs  or  harflinefs  of  wines^ 
though  it  fometimes  depends  upon  the  watery  parts 
t>f  the  juice  having  been,  forced  away  by  fire,  is 
fometimes  produced  by  checking  the  fermentation 
before  it  is  completely  finiflicd,   and  putting  the 
whole  into  calks,  in  which  one  half  of  an  inch  of 
a  brimftone  match  has  been  burned.     The  fermen- 
tation ftops,  and  the  liquor  retains  all  the  fweetnefs 
it  poflefTed,   when  this  operation   was  performed. 
Such  wines  ar  called  matched  wines,  but  arc  not  fo 
much  cftccmcd  as  thofe  whofc  fweet  tafte  is  owing 
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CO  the  caule  mentioned  above.  By  ftoppu^  the  fer- 
mentation before  it  naturally  ceafes,  varioui  differ- 
ences in  wine  are  produced.  I  need  only  mention  rhat 
the  moll  remarkable  of  thcfe,  the  fparlding  quality, 
is  owing  to  the  fermcnution  being  checked,  and  the 
liquor  put  into  the  bottle,  and  the  femKntation  bc- 
tog  completed  without  the  gas^  which  is  extricated, 
being  allowed  to  efcape,  which  of  confequcncc  is 
obliged  to  combine  with  the  watery  part  of  the  wine. 
Vinous  fermentation  produces  limiUr  diilerencei 
upon  the  fweet  matter  of  other  fruits  as  upon  the 
grapes,  and  fimilar  differences  are  obfervable  in  the 
liquor  produced  by  fermenting  many  other  fpe- 
cies  of  fwcct  matter,  as  fugar,  honey,  molafles, 
and  malt. 

Though,  however,  thefc  differences  do  a»fhially  take 
place,  yet  they  are  not  fo  much  attended  to,  as  the 
difference  arifing  in  the  grape,  from  the  caufcs  al- 
ready mentioned.  Wine  is  made  principally  for  the 
purpofe  of  being  drank  without  any  farther  prepa. 
ration.  Th<J  fweet  matter  of  fugar  is  fermeni 
with  a  view  to  the  fpirit,  which  will  be  fumiftied 
a  fubfequent  diftillation.  The  fweet  matter  of 
is  fermented  more  on  account  of  the  ufes  to  which 
it  is  applicable  in  the  ffate  of  ale  or  beer,  than  on 
account  of  the  fpirit  which4t  yields  by  diftillation, 
and  therefore  furnifhcs  a  farther  proof  of  the  appli- 
cation of  the  preceding  principles.  Even,  however, 
in  the  inffance  of  fugar  or  honey,  they  may  be  per- 
ceived.    When  the  juice  oi"  the  fugar-caoc  is  fcr- 
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mentcd  ia  the  ftate  it  is  in,  as  obtained  by  prcfTure 
from  the  plant,  a  more  compounded  fwcet  matter  is 
obtained  than  pure  fugar  and  water.  For  befides 
thefe  a  little  oily  or  fragrant  matter  is  obtained, 
mixed  with  vifcid  farinaceous  or  extradlive  parts. 
The  fermented  liquor  partakes  of  the  original  qua- 
lities of  thofe  fubftances,  and  fomc  of  them  accompany 
the  fpirituous  part  fcparated  by  difVillation.  Hence 
this  fpirit  is  of  a  more  fragrant  kind  than  that  made 
of  the  refiife  of  the  fogar  boiler.  When  the  juice 
of  [he  fugar  cane  has  been  boiled,  and  fugar  feparated 
from  it,  the  refufe,  the  molalTes  and  Icummings,  fur- 
niflia  fpirit  lefs  fragrant. 

But  no  differences  can  be  perceived  in  this  way, 
excepting  fuch  as  arife  from  fubftances  that  are  vo- 
latile, the  reft  remain  in  the  liquor  after  the  fpirit  is 
feparated,  and  pafs  unnoticed  or  difregardcd.  In 
fomc  cafes,  however,  fragrant  fubftanccs  are  mixed 
with  fugar  and  water,  in  order  to  furnilh  a  liquor 
more  agreeable  than  pure  fugar  would  produce,  and 
therefore  to  be  ufcd  in  the  vinous  ftate  upon  the 
principle,  that  the  fragrant  matter  will  remain  after 
the  fermentation.  All  kinds  of  made  wines  belong 
to  this  head,  and  though  in  this  country  they  arc 
looked  upon  with  contempt,  yet  they  are  as  wholc- 
fome.  and  moft  of  them  as  palatable,  as  thofe  pro- 
duced from  the  grape.  Of  all  the  fwect  fubftances 
fermented  for  the  fake  of  the  fpirit,  the  one  that 
contains  the  greateft  mixture,  is  that  from  which  ar- 
rack is  made — the  juice  of  the  palm  tree,  and  the 
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TlK  fir*  or  <We  B 
■CZi  of  other  fvvn  pfaats; 
I  tnc  ftjMrfbf  MJjii.  a 
ifBtKO^  ot-  racsBuncf  Mixcil  sua  ol  ■■  ftiim, 
udfbaaUi^of  aaBOBcMAKx;  bK  ikc  Ut 
M  IB  vciy  UHBii  qiiMinfy,  ilmHgli  vfiacH  <b  BBflkc 
the  — **fc^  vneo  liceiy  ihwig.  pnoDCC  i 
wd  almoa  fioal  c&as.  Woe  v 
joke  of  die  pafanjad  tbcBdkol'caaM.a 
If  aher  fcnnenonoo,  «c  finaU  fiad  a  vd^c 
poanded  and  (fifi^rccable  liquor;  bf  i 
thcTc  ue  putlf  ftpaxaicd :  nmcli  oitf  i 
BoncrdiQUifrofn  the  fpirii;  md  lerva  tn  diSin- 
guifh  it  from  all  ocbcr  fluids.  Malt  it  cfaiefljr  tdol 
for  the  fake  of  the  viooo*  liquor  which  k  yicidi  hj 
knanaaoa* 
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I'lx  a  former  eflay  I  confidered  fermentation  in  ge* 
neral^  and  the  various  means  of  promoting  or  retard-, 
ing  it.  I  mentioned  the  three  (higes  into  which  it  has 
been  generally  divided ;  the  vinous^  the  acetous^  and 
putrefadive.  I  took  notice  of  the  general  difpo- 
iition  in  bodies  to  fall  into  thefe  ftages  ;  that  fweet 
iubftances  are  capable  of  being  changed  in  the  great- 
-eft  variety  of  ways  by  fermentation,  and  therefore 
-that  the  nature  of  fermentation  can  moft  eafily  be 
difcovered  by  an  attentive  obfervation  of  the  fweet 
fubftances  in  the  various  ftages  of  this  procefs ;  that 
the  fweet  matter  in  fruits  was  probably  firft  fer- 
mented, and  is  of  the  fimpleft  kind.  This  I  illus- 
trated from  the  nature  of  the  procefs  for  making 
vine^  and  pointed  out  the  caufes  of  the  difierencei 
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maottg  wines.  Thcf  all  coufift  of  die  finnc  fut»- 
jtancc  fermented  in  ncarif  dw  lame  «>f.  1  laid 
that  the  nature  of  fenncntauoa  is  but  little  nnlcrflood, 
in  ib  far  u  the  caufes  of  the  changes  produced  by  it 
aic  concerned ;  that  it  wu  not  mj  imentioa  to 
give  any  theory  of  fcnnentation,  but  to  give  an 
account  of  ibc  pfaenooiena,  to  prepare  ui  far  the 
theory  in  due  tinx. 

The  cfici^s  produced  by  fennentarion  arc  more 
eafUy  obfer^ed  when  the  liquor  fmnentcd  is  xjfed 
immediately,  or  at  leaft  vithout  any  further  open, 
tion.  On  ihi*  account  1  Ihall  not  mention  at  prc- 
ient  the  changes  produced  by  fermentation  upon  fu- 
gyr,  and  other  purer  fweeis,  but  confine  myfclf  to 
the  fermentation  bell  kiKntti  in  tbit  country,  and  crw 
davour  to  mention  Ibme  of  the  ciule*  of  the  dif- 
fctcDces  produced  by  fcnncntatioa  upoa  the  fwccx 
matter  in  malt. 

The  fermentation  of  grain  fuiniSics  greater  va- 
riety than  that  of  any  other  fubflance.  This  is 
owing  partly  to  the  farina  ii  contaias.  and  to  the 
changes  which  this  farina  may  be  made  to  under- 
go by  vegetation.  The  feeds  of  moll  of  the  culmi- 
ferous  phnu  are  nearly  of  the  lame  nature,  and  all 
of  them  may  be  fermented  into  a  vinous  liquor. 
They  all  cor:tain,  bcfides  the  rudiments  cri'thc  young 
vegetable,  a  quimuy  of  a  fubftance  to  nouriih  and 
fupport  it,  till  itacqun'cs  fufficicnt  ftrength  to  pre- 
pare iood  for  itlclf.     The  part  chiefly  employed  ii 
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larina,  iomctitncs  mixed  with  raore,  fometimcs  with 
lefs  of  a  fwcec  matter.  Farina  is  an  infipid  inodo- 
rous fubflance,  not  foluble  in  cold  water,  and  form- 
ing with  hot  water  a  glutinous  mafs.  It  is  never 
found  quite  pure  in  the  feeds  of  plants.  It  is  mixed 
not  only  with  vafcular  parts  of  the  young  vegetable, 
■but  united  fometimes  with  a  gluten,  fomctimes  with 
fwcet,  fometimcs  with  oily,  or  bitter,  and  narcotic 
matter.  The  farina  is  extremely  nourifliing  to  ani- 
inals,  and  it  is  not  improbable  that  the  nourifhing 
quality  of  all  v^;etables  depends  on  the  portion  of 
it  which  they  contain. 

Thofc  feeds  which  contain  lead  foreign  matter 
mixed  with  farina,  are  preferred  to  the  red,  as  they 
yield  not  only  the  moft  agreeable  food,  but  are  like- 
wife  moft  capable  of  being  applied  to  ufeful  pur- 
pofes  after  fermentation.  Hence  wheat,  barley,  and 
oats,  and  fome  others,  are  preferred  to  the  reft. 
When  the  farinaceous  part  is  quite  pure,  it  is  hardly 
capable  of  being  fermented  at  all,  but  is  the  moft 
incorruptible  of  all  vegetable  fubftances.  When 
mixed  with  fwcet  matter,  it  may  be  fermented  in 
many  ditfcrent  ways,  according  to  the  manner  of 
managing  it.  The  farina  in  the  feeds  of  plants  is 
always  mixed  with  fweet  matter,  and  may  be  ufed 
for  the  purpofes  of  life,  in  one  or  other  of  thcfe  two 
flates.  Thefc  feeds  may  either  be  fermented  in  their 
natural  ftatc  mixed  with  a  little  water,  or  they  may 
be  fermented  after  they  have  begun  to  vegetate, 
when  mixed  with  much  water.    In  the  firft  die 
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fhty  are  ufcd  at  food,  and  do  not  acquiie  Ae  proper- 
ties of  wine  ;  in  the  latter,  they  (all  into  the  vinous 
Jcrmentaiion,  and  tofc  the  greatdl  part  of  tbcir  nu-; 
triii%-e  qutlity.  The  farinaceous  feeds  ground  intt> 
powder  and  expofed  to  the  circumftanccs  favourable 
for  fcrmcniation  very  readily  become  four,  or  acquire 
the  properties  of  leaven.  If  mixed  prcvioufly  with 
a  quantity  of  any  ferment  from  a  vinous  liquor 
fuch  as  yeH,  a  real  vinous  fermentation  takes  place, 
the  vifcidiiyof  the  farinaccom  nutter  is  dimintlhcd, 
and  the  whole  becomes  more  fpungy  j  water  pene- 
cnites  it  more  cafily  than  before,  and  it  mixes  more 
readily  wirh  any  watery  fluid  which  is  taken  alof^ 
with  the  food.  During  the  fermentation  a  quantity 
of  aerial  matter  HmiUr  to  that  from  Icrmenting  wine 
lepaiates.  The  mafs  does  not  acquire  any  intoxi- 
cating quality,  from  the  farina  being  in  a  flate  dif- 
ferent from  the  fwect  matter,  and  the  quantity  of 
the  latter  being  too  fmall  to  produce  a  complete 
change  upon  the  whole.  There,  however,  can  be 
hardly  3  doubt  that  a  farinaceous  feed,  when  ferment- 
ing in  the  manner  juft  related,  would  really  yield 
fomc  ardent  fpirit :  though  no  attempts  that  I  know 
of  have  been  made  to  coliedt  it.  The  fcrrnentation 
js  never  allowed  to  proceed  far,  left  the  mafs  ftiould 
■become  four,  and  the  whole  is  expofed  very  fud/- 
denly  to  a  confiderabic  degree  of  heat,  to  Hop  the 
fermentation  completely  as  foon  as  poHible. 

When  the  feed  contained  originally  but  Utile  Cwtex 
matter  the  fcrmentarion  fecms  to  be  lefs  of  the  v/noua 
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and  more  of  the  acid  kind^  and  in  many  inftances  feems 
to  be  of  the  acetous  nature  altogether*  The  farina  in 
the  feeds  of  vegetables  is  changed  by  vegetation  into 
a  fweet  fubftancc  eafily  mifcible  with  water.  By 
this  means  they  are  converted  into  malt.  But  the 
change  of  the  farina  into  fweet  matter  by  vegeta* 
tion  is  not  in  proportion  to  the  original  fweet  mat* 
tcr  mixed  with  it.  Wheat  and  barley  are  inltancet 
of  this :  the  firft  contains  moft  fweet  matter  in  its 
natural  (late ;  the  other  having  vegetated.  Vegeta- 
tion feems  in  this  inftancc  to  change  the  nature  of 
barley  more  eafily  into  fweet  matter  than  it  does 
the  farina  of  wheat»  and  is  capable  of  producing 
more  fweet  matter  from  the  one  than,  it  can  from 
an  equal  quantity  in  the  other.  The  caufe  of  this  is 
not  eafily  afligned ;  the  fad,  I  believe,  is  indifput* 
able,  and  the  folution  of  the  difficulty  will  be  found 
to  depend  upon  the  mixture  of  a  fubflance  with  the 
fweet  and  farinaceous  matter  in  .wheat,  and  which^ 
when  feparated,  is  of  a  glutinous  quality,  and  will 
neither  diffolve  in  hot  nor  cold  water,  and  has  fome 
of  the  properties  of  animal  fubfiances. 

Vegetation  not  only  affedls  the  farinaceous  matter 
differently  in  different  feeds,  but  produces  different 
efk&B  upon  the  fame  feed,  by  which  the  nature  of  the 
farina  is  more  or  lefs  altered  according  to  the  different 
degrees  of  perfeftion  to  which  the  feed  has  arrived. 
Much  depends  upon  its  d^ree  of  maturity.  When 
the  foil  and  feafon  are  good,  the  quantity  of  fweet 
matter  produced  by  vegetation  13  greater  and  purer^ 
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and  it  is  produced  in  lefs  time.  Hence  it  is  foand 
Bcceflary  to  keep  the  grain  of  different  foils  fcparare. 
Were  Ihey  cxpofed  to  ihc  malting  proccfs  together, 
it  would  be  over  in  one  icind,  before  it  w-as  well 
begun  in  another,  and  if  continued  till  ic  was  com- 
plete in  ihc  latter,  the  form.-r  would  be  fpoilcd.  The 
fame  attention  is  ncceflary  in  grain  of  different  year*. 
The  longer  the  grain  has  been  kept,  the  more  lime 
is  neceffary  to  change  the  nature  of  the  farina  coa- 
tained  in  it. 

Even  when  the  grain  h  all  prccifely  of  the  fame 
quality,  vegetation  in  different  degrees  or  differently 
Condu<5led,  will  alter  the  quantity  and  quality  of  the 
fweet  matter.  Many  (till  more  minute  diflerencei 
might  be  mentioned,  which  would  be  found  ufeful 
in  accounting  for  the  fmalier  diffrrcnces  produced 
afterwards  by  fermentation.  The  pcrfefftion  of  the 
fwect  matter  in  grain  depends  upon  bringing  the 
feed  to  a  precife  point  of  vegetation.  If  it  is  carried 
beyond  this  point,  the  fweet  matter  is  changed  into  a 
flatc  unfavourable  to  the  production  of  a  perfc<5l 
vinous  liquor;  if  it  is  fliort  of  it,  a  part  of  the  farina 
remains  in  its  natural  Date,  which,  if  not  unfavourable 
to  fermentation,  at  Icaft  diminiihes  the  fpirit  in  it. 
In  fonie  inflances,  however,  the  vegetation  is  ftoppcd 
before  the  whole  farina  is  changed  into  fweet  matter, 
in  order  to  obtain  afterwards  by  fermentation  a 
milder  and  more  vifcid,  though  lefs  fpirituous  liquor. 
Wlien  this  is  intended,  the  grain  is  juft  allowed  to 
begin  to  grow,  and  the  moment  the  radicle  mskes 


ON    FEKMENTATIOV*  33$ 

in  appearance^  the  vegetation  is  (lopped.  When  a 
thinner^  lighter^  harder,  and  ftronger  liquor  ia 
wanted^  the  vegecatioiv  is  allowed  to  proceed  farther^ 
and  19  iK)t  completely  flopped  till  the  plume  has 
become  as  long  as  the  fc;cd.  In  this  cafe,  the  fweet 
matter  in  the  grain  is  in  greateft  quantity,  and  ha|^ 
acquired  the  properties  bed  fitted  for  underjgoing 
oomplctely  the  vinous  fermentation.  In  all  cafea^ 
however,  the  fweet  matter  ought  to  be  in  the  fame 
ilace  in  the  whole  grain,  upon  which  the  malting 
proccfi  is  performing.  To  render  therefore,  the 
vc^getation  equal  in  every  grain  of  which  the  heap  is 
compofed,  is  the  great  objed  in  view,  and  this  is 
attempted  by  frequently  turning.it,  that  every 
grain  may  be  equally  expofed  to  the  air»  and  the 
lirhole  brought  to  the  defired  point  if  podible.  When 
this  is  accomplilhed,  the  whole  (hould  be  withered, 
by  fpreading  it  thin  on  the  floor  and  drying  it  as 
loon  as  poffible.  There  is  one  circumflance  worthy 
of  notice  in  this  proccfs,  which  has  not  been  men* 
Cioned  by  any  writer,  and  which  I  imagine,  is  not 
fo  much  attended  to  as  it  ought  to  be,  even  by  thofc 
whofe  profedion  it  more  particularly  regards,  I 
mean  the  quantity  and  equal  diflribution  of  the  light 
in  the  apartment  where  the  proccfs  of  making  is 
ferried  on.  It  is  known  to  every  body  that  light 
is  of  the  utmoft  importance  in  vegetation^  that  vc« 
getables  will  not  grow  in  a  dark  placc^  at  lead  that 
they  do  not  arrive  to  any  degree  of  pcrfcdion  in  this 
fituatioQ,  and  never  contaii)  any  thing  but  an  infipid 
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waMiyjaicc:  and  that  all  plants  growing  in  a  daHt 
place  have  juices  of  the  iarae  qualities.  If  a  ray  of 
light  is  admitted  into  ihc  dark  apartment,  the  vege- 
table growi  with  greater  vigour,  and  direfts  ilfcif 
to  the  apeitarc  by  which  the  light  entered.  Even 
different  degrees  of  light  produce  fenfibic  difiwcnces; 
vegetables  growing  in  a  fiiuation  mod  expofed  to 
the  fun  have  the  ncheft  juices,  and  this  is  in  no  cafc 
more  remarkable  than  in  the  production  of  fwcrt 
matter,  as  feems  to  be  evident  from  the  fweet  matter 
in  grapes  on  the  funny  fide  of  a  hi!I,  being  in 
greater  quantity  than  in  grapes  of  the  fame  fpecics 
gathered  from  the  north  fide  of  it.  One  might  ev- 
pcift  that  the  fwect  matter  in  grain  beginning  to 
vegetate  fliould  alfo  be  affetfled  by  Jipht.  The 
feeds  of  plants  growing  below  ground  may  indeed 
befuppofcd  to  be  little  afletled  by  light:  but  grain 
in  malting  muft:  be  afieifted  by  it.  Even  the  feed 
below  ground  is  not  altogether  out  of  the  reach  of 
the  influence  of  light,  as  is  evident  from  comparing 
the  growth  of  feeds  in  different  pots  of  earth,  fomc 
of  which  areexpofed  to  the  light,  and  others  kept  in 
a  dark  place,  the  heat  in  all  being  equal.  It  is  a 
common  obfcrvation,  that  the  fweet  matter  in  malt 
and  the  other  liquors  made  from  it,  is  fubjcft  to 
great  vari^icion.  No  doubt  this  is  in  part  owing  to 
the  difil-rences  betwixt  different  cars  of  barley  in 
the  fame  field,  or  to  differences  ariJing  from  mois- 
ture, or  the  different  degrees  of  expofurc  to 
iJut  it  feems  rcafonable  to  fuppofc  that  pario 
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differences  arife  from  the  different  degrees  of  light 
to  which  the  grain  has  been .  expofed  during  its  ve« 
getation.-  In  mod  cafes  the  light  admitted  is  not 
greats  but  flill  uniformity  in  this  refpedt  would 
probably  be  of  advantage.  I  fuppofe^  one  reafon 
why  much  light  is  not  admitted  in  the  malting  prou 
cefs^  is  that  the  vegetation  would  proceed  too  rapid* 
ly  and  be  more  difficult  to  flop  at  the  proper  point. 
I  (hould  wifh  likewife  the  experiment  were  tried  t^ 
afcertain  what  would  be  the  effedt  of  a  perfedly 
dark  place  upon  grain  b^inning  to  vegetate^  in  fo  far 
as  the  nature  and  properties  of  the  fweet  matter  con- 
tained in  it  were  concerned. 

Befides  the  differences  produced  by  fermeit* 
tation  upon  grain  in  its  natural  flate»  and  after 
being  malted,  other  differences  arife  from  the 
operations  it  is  expofed  to^  or  the  additions  made 
to  it  before  fermentation.  Cf  the  differences  ariling 
from  alterations  produced  by  operations  previouii 
to  the  fermentation^  the  moll  remarkable  are  pro- 
duced by  heat.  This  mud  always  be  employed 
after  the  grain  has  vegetated,  in  order  to  put  a  ftop 
to  the  vegetation  at  that  point  when  the  fwcct  matter 
is  ingreatefl  quantity,  or  beil:  fuitcd  to  the  kind  of 
liquor  to  be  made  from  it  by  fermentation.  If  the 
water  which  the  grain  abforbcd  in  the  operation  pre- 
vious to  its  malting,  be  allowed  to  remain  after  that 
procefs  is  over,  the  fweet  matter  will  foon  be  dimi- 
nifhed,  and  acquire  a  flrong  tendency  to  the  acetous 
fermentation.  In  ail  cafes  therefore  the  grain  mud 
be  dried  to  preferve  it  in  its  mod  perfod  H-jlic  for 
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the  porpofc  intended.  There  «rc  two  wajrs  of  doing 
this ;  OIK  by  expofit^  the  grain  to  an  ezcdli^'cly  hoc 
fun,  which  f<x)n  dries  up  the  moifturc  v'itboutpro- 
ducir^  any  material  aheralion  upon  the  other  parts. 
In  this  manner  the  colour  remains  unaltered;  and 
when  water  is  afterwards  employed,  a  very  pale  infii- 
fion  is  obtained,  and  after  fermentation  the  liquor 
differs  but  little  incolourfrom  water.  When  rhcw- 
getaiion  is  checked  by  heat,  raifed  by  ftiel,  the  fweet 
matter  is  always  more  or  lefs  altered,  and  the  ft^arf 
fkin  of  the  grain  becomes  of  a  darker  colour,  and  the 
whole  communicates  to  water  a  deep  yellow  or 
brown  colour.  Something  likewtfc  depends  upon 
the  kind  of  fuel  ufcd.  If  the  fuel  employed  has  any 
fmokc,  a  part  of  it  condenfcs  upon  the  grain,  and 
communicates  a  lafte  to  the  infufion  and  to  the  liquor 
after  fermentation.  The  greater  the  degree  of  heat 
employed,  the  darker  coloured  is  the  infufion.  It  ts^ 
however,  polTible  to  employ  fuel,  if  it  has  no  fmoke, 
in  fuch  a  manner  as  not  to  afieifl  the  colour  of  the 
infufion.  By  throwing  a  little  fulphur  upon  the 
fuel  the  malt  will  give  a  paler  colour  to  water.  If 
fulphureous  coals  are  employed  the  fame  effctfl  witl 
be  produced;  but  the  fermentation  of  the  infufion 
will  proceed  in  a  very  different  manner  from  the  ef- 
feU  which  the  acid  of  the  fulphur  communicates  to 
the  fweet  matter.  This  practice  fccms  to  be  a  dan- 
gerous one,  and  can  hardly  be  executed  with  any 
profpcd  ot'fucccfs. 

Befidci  the  cfTeiis  already  mentioned,  the  grcatB 
Vhc  degree  of  heat  to   which   the  grain  has  bc< 
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expofed,  the.  more  difficult  will  ;it  be  to  bring 
on  iheprocefs  of  fermentation:  anfljt  may  hap- 
pen from  this  cauft  that  it  will  become  altogether 
impradicable.  To  this  head  alfo  belong .  the  ef* 
feds  depending  upon  the  heat  of  the  water  by  which 
thefweet  matter  is  extradled.  One  circumftance  muft 
particularly  be  attended  to^  that  the  heat  be  not  fq  great 
as  to  reduccthe  malt  into  a  pulpy  (Vate»  from  which  thf , 
water  will  not  run.  This  will  certainly  happen  if 
|he  water  be  ooured  boiling  to  the  malt  ground 
Into  powder,  and  even  when  bruifedj  which  is  done 
to  render  this  lefs  liable  to  take  place.  Befides  the 
difference  in  the  heat  of  the  water^  the  time  it  is  al« 
lowed  to  remain  upon  the  malt,  and  the  precautions 
ufed  to  preferve  the  heat,  occafion  feverai  alterations 
in  the  liquor  produced  by  fermentation.  The  more 
agreeable  parts  are  extradted  firll;  if  the  water  is  drawn 
off  as  foon  as  the  heavy  parts  are  depolited,  a  more 
agreeable  liquor  will  be  obtained,  and  the  fweet  matter 
remaining  may  be  extracted  by  pouring  more  water 
and  employing  this  fecond  infufion  to  inferior  pur^- 
pofes.  The  great  delicacy  of  the  bufinefs  fecms 
to  depend  upon  the  heat  of  the  water*  No  part  of 
the  operation  is  lefs  generally  known,  and  in  none 
has  the  great  manufadlurer  fo  much  the  advantage 
over  the  fmall  one.  When  great  quantities  of  ma- 
terials are  ufcd  at  a  time,  they  preferve  their  heat 
longer,  and  by  this  means  a  more  moderate  heat  is 
capable  of  producing  a  greater  efFecfl.  The  ther- 
mometer has  been  called  to  allift  in  this  part  of  the 
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operation,  inftead  of  ufing  the  hand  of  the  brewcra 
a  meafurer  of  heat.  The  degree  of  heat  mod  favour- 
able for  extracting  the  fweet  matter,  without  making 
it  into  a  pulp  and  without  injuring  the  fweet  matter 
or  the  fubfcquent  fermentation,  fcems  to  be  the 
great  fecret,  and  is  anxioufly  concealed  by  the  peo- 
ple in  the  trade.  They  even  conceal  it  from  the 
thermometer  makers,  by  fubftituling  letters  for 
numbers  to  mark  the  degrees  in  their  thermometers. 
So  far,  howe\er,  as  I  have  been  abl^  to  learn  the| 
ufedilfcrent  degrees  of  heat  for  different  purpofes,  and 
that  from  1 63  to  1 68  of  Fahrenheit,  is  moft  generally 
employed  in  making  the  finer  fpecies  of  malt  liquon. 
It  happens  too,  very  frequently,  that  differences  in 
the  liquor  after  fermentation  arife  from  the  time  the 
infufion  has  been  boiled  before  this  procefs  is  begun. 
This  is  always  necellary  to  prevent,  it  ii  faid,  the  dan- 
ger of  fouring,  and  alfo  to  tondenfe  the  infuflon  fo 
as  to  furnifh  a  ftrongcr  liquor.  It  is  alfo  employed 
to  mix  fubllances  with  the  infufion  to  preferve  the 
liquor  after  it  is  fermented  ;  how  far  it  is  necelTary 
on  the  firll  of  ihcfe  accounts  is  not  known  j  perhaps 
the  fubftances  mixed  commonly  with  water  may 
render  it  nccelTary.  Something  mav  depend  on  fub- 
ftances contained  in  the  water.  Soft  water  is  fuppofed 
in  general  10  be  preferable  to  hard,  and  the  water  of 
certain  rivers,  like  the  Thames,  fuperior  to  all  others. 
The  differences  produced  by  addition  previous 
10  the  fermentation  dcferv-e  alfo  to  be  mentioned. 
Of  thcfe  the  moll  common   3,id  inofl  ufcful    is    the 
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ccfditiorf  of  bitter  plants^  to  the  infiifion  of  malt.  The 
plant  now  mod  generally  preferred  is  the  hop,  a  fub^ 
ftance  of  an  intenfe  bitter,  mixed  with  a  little  aromatic 
matter.  This  is  added  with  a  view  chiefly  to  pre- 
ferve  the  liquor  from  becoming  four  after  it  is  for*- 
mented,  to  which  every  malt  liquor  is  very  fubjed. 
With  this  intention  the  hop  is  boiled  in  the  wort% 
This  feems,  however,  to  be  ill  calculated  for  the 
purpofe.  By  this  nfieans  the  aromatic  part  is  loft^- 
which  might  eafily  be  retained  by  fteeping  the  hop  in 
a  clofe  veflel  in  fome  hot  water,  and  afterwards  mix- 
ing this  with  the  reft  when  removed  from  the  fire. 
Some  may  perhaps  imagine  this,  to  be  injurious  : 
but  it  has  been  tried  by  many  at  my  requeft  with 
Aiccefs.  The  bitter  taftc  communicated  by  this  vege- 
table gradually  diminifties^  and  at  laft  ceafes  or  dies* 
This  is  owing  to  the  gradual  formation  of  an  acid  in 
the  fermented  liquor,  and  any  bitter  fiibftance  may  be 
inftantaneoufly  deprived  of  its  tafte  by  adding  a  fuffi- 
cient  quantity  of  acid  to  it.  This  I  have  long  employed 
as  a  teft  of  the  quantity  of  bitter  matter  in  bodies. 

Sometimes  common  fait  is  added  to  the  water 
Intended  to  be  ufed  in  extradling  the  fweet  matter 
of  malt.  This  addition,  it  may  be  fuppofcd,  is 
made  with  a  view  chiefly  to  excite  thirft,  but  be- 
fidcs  this  efiedt  it  produces  alfo  fome  others,  parti- 
cularly it  moderates  the  fermentation,  makes  the 
fiquor  fine,  and  feems  to  be  the  caufe  of  the  great 
fuperiority  of  the  water  of  certain  places  in  produc- 
ing fine  malt  liquor.     The  water  of  the  Thames 
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is  remarkably  celebrated  on  this  account,  and  it  coiu 
tains  a  little  fait ;  and  in  mofl  places  remarkable  for 
fine  itialt  liquor,  1  have  found  this  alfo  to  be  the 
cafe.  To  anfwer  thcfc  purpofes  the  quantity  of  fait 
contained  in  the  water  Ihould  be  fmall ;  no  advan- 
^tagc  wil  be  obtained  if  the  quantity  is  fo  great  ax. 
to  be  difcovcrcd  by  the  tatte. 

Bcfidcs  theie  caufcs  of  differences  in  mah  liquon 
there  is  one  Icfs  generally  attended  to,  arifing  from 
the  different  nature  of  the  grain  in  different  foils 
and  feafons  which  occafions  varieties  in  the  liquor 
produced,  though  the  proportion  of  grain  and  water 
be  the  fame.  This  principally  affeifls  the  ftrength 
of  the  liquor,  and  it  were  to  be  wifhed  fome  accunite 
meanscould  be  contrived  to  make  the  water  and  fwecC 
always  bear  an  accurate  proportion  to  each  othen 
It  has  accordingly  been  lately  propofed  to  accompUQi 
this  by  means  of  an  tnllrument  which  wlU  Ihew  the 
quantity  of  matter  extraded  by  water  from  tbQ 
grain  without  its  being  necelTaty  to  know  wh^ 
quantity  of  each  had  been  employed.  The  in? 
ftrument  is  conftruded  like  the  common  hydiOi 
meter,  is  made  of  glafs  or  metal,  and  points  out  by 
\Uc  quantity  of  the  inArumeiit  which  finks»  how 
much  the  fluid  dillcrs  from  pure  water,  ■  The 
lefs  it  finks,  the  more  has  the  water  diflblved.  and  the 
(Ironger  it  is  of  the  foluble  matter  of  the  bod/  oa 
M'hich  it  was  poured.  This  inftrument,  when  put 
into  an  infufion  of  malt,  ihews  how  much  has  been 
dilTohcd,  and  as  the  foluble  part  in  wall  JA  of  f 
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Ifeharine  nature,  the  inftrument  has  been  called  s 
icharometcr.  It  is,  hnwcvor,  diflictilt  to  make  a 
fcalc  to  ir,  fo  rhat  ohfervations  made  by  dilTerent  per- 
fons  may  be  compared,  and  it  is  liable  to  fomc  varia- 
tions from  the  heat  of  the  fluid  in  which  it  is  im- 
mcrfcd  varying,  as  well  as  from  differences  in 
the  matter  diflblvcd  from  the  caufcs  already  men- 
tioned. With  fome  aitentinn  thcfe  might  probably 
be  leflened  or  removed,  in  which  cafe  it  would  prove 
of  confiderable  utility.  Some  of  the  differences  in 
<fnrentiiig  malt  liquors  alfo  depend  upon  the  man- 
^^■ttin  which  the  fermentation  has  been  condu<Sted. 
^^Bk('  fweec  matter  in  malt  does  not  fall  readily  of 
^jBcIf  into  the  vinou*  fermentation.  Even  when  ex- 
pofcd  to  the  moftproper  degree  of  heat,  m  the  mull 
(avorablc  circumftances,  it  is  more  difpofed  to  become 
four< 

■»   The  various  heterogeneous  fubftances  mixed  with 

^^^fwcec  matter  in  malt,  togL-thcr  with  the  heat  env 

^^P^vd   in    drying  it,  probably  occalion  this  ten- 

^TBhcy  and  afford  a  reafon  why  little  artificial  heat  is 

ncccflary  for  the  pcrfeft  fermentation  of  liquor  made 

from  malt.     This  is  fo  much  the  cafe  that  in  warm 

climate*  «nd  fcafons  it  ia  hardly  poffibic  to  produce 

toler^ible  male  liquor;  and  to  the  fame  circumflances 

it  is  not  improbable  we  owe  the  fupcriority  of  (hat 

midc  in  October  and  March,  and  diltinguillicd    by 

the  names  of  the  months  in  which  it  was  m:ide.     In 

the    mnft     favourable    fcafons    and    circumlknces 

.1    Some  fermenting  fubllance  tnuft:  be  added  todifpofc 
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the  sfholt  to  the  vinous  Rate.  And  this  generally 
confifts  of  the  fcum  which  rifcs  from  liquors  in  the 
ftate  of  vinous  fermentation.  How  tbis  fubftancc 
afts  is  not  eafily  explained,  but  fome  of  its  properties 
are  known.  It  feems  to  be  of  a  farinaceous  nature, 
•  and  isealily  prefcrved  with  alt  its  properties  in  a 
moift  ftate  for  many  months,  or  fnull  twigj 
dipped  in  it  and  dried  will  retain  the  property  of 
exciting  the  vinous  fermentation  for  a  long  time. 
It  has  indeed  been  afTerted  that  ycft  is  nothing 
more  than  a  fubftance  ftrongly  impregnated  wirft 
fixed  air.  But  this  can  fcarcely  be  imagined  to  be 
the  cafewhcn  it  is  preferved  in  a  dry  ftate.  Though 
the  vinous  fermentation,  is  produced  wteh  difficuk^ 
in  infufions  of  malt,  yet  if  once  rsifed,  it  pFOCcrd| 
with  great  violence  and  is  very  apt  to  proceed  be- 
yond the  proper  boundary.  The  fermentation  ii  on 
this  account  always  checked  before  it  is  completely 
finifiicd,  and  the  remainder  of  the  procefs  is'pcft. 
formed  in  a  very  gradual  manner,  and  often  tabtf 
yean  in  being  completed.  To  know  when  it  ii 
proper  to  check  the  fermentation  is  a  circumftaoce 
of  great  importance.  No  other  matk  has  been  com- 
monly ufed  excepting  the  change  in  ta(le«f  the  lU 
quor.  As  this  is  fubjcd  to  great  irregukrities,  it 
has  been  propofed  to  obtain  a  mere  perfiaft  mea- 
fure  of  the  progrefs  of  fermentation  from  the  chaage 
produced  in  the  denfity  of  the  fluid.  The  fame  inftru- 
mcnt  which  has  been  propofed  to  meafure  the  quaiw 
tity  of  die  fweet  matter  mixed  with  the  Water  bcfeit 
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the  fermentationj  may  alfo  be  ufed  to  meafure  the  al- 
teration in  denfity  produced  by  fermentation.  When 
ufed  for  this  purpofe  it  leems  to  be  liable  to  fewer 
objeSions.  It  will  no  doubt  require  nice  obferva- 
tions  to  find  out  accurately  the  change  in  denfity 
which  (hould  be  produced  in  every  cafe  according 
as  the  infufion  was  ftrongor  weak,  according  as  it 
is  intended  that  the  liquor  (hould  retain  fome  of  its 
fweetnefs  after  fermentation  or  lofe  it  intirely^  and  ac- 
cording as  it  is  intended  that  the  liquor  fhould  be 
uled  foon  after  the  fermentation  or  kept  for  a  con« 
fiderable  time  after  it.  At  whatever  period  it  ma/ 
be  judged  neceflary.  to  ftop  the  fermentation^  it  will 
always  be  neceflary  to  put  th^  liquor  into  clean  vef- 
fcls,  and  to  keep  the  whole  for  fome  time  at  leaft  in 
a  cool,  place  and  in  clofe  veflels.  After  all  the  ope. 
rations  to  which  the  malt  liquor  has  been  fubjedled^ 
we  fhall  find  it  more  compounded  than  wine«  and 
that  it  will  retain  much  vifcid  matter^  which  wa^ 
originally  mixed  with  its  fweet  matter^  together 
with  fome  vinegar  which  has  been  formed  from 
the  adion  of  the  vifcid  parts  on  the  fweet  matter 
during  the  vinous  fenpentation^  by  which  means 
the  liquor,  though  more  nourilhing  than  wine,  is  not 
fo  light  on  the  ftomach,  is  more  heating,  and  is  bcft 
fitted  for  the  conftitution  of  laborious  people. 
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ON     CEMENTS. 
Read  A.  D.  178S, 


Cement  in  building  was  probably  ufed  (oon  aftef 
human  habitations  *  began  to  be  built  of  (lone. 
Without  fomc  invention  of  this  kind  it  is  eviden(^ 
that  houfes  could  afford  but  a  very  imperfed:  defence 
againil  the  weather,  and  though  they  might  be  tole- 
rable in  a  very  warm  climate,  they  would  furnifh 
an  uncomfortable  lodging  in  a  cold  one.  What 
fubftances  were  firft  employed  to  join  (tones  toge- 
ther in  building,  it  is,  perhaps,  at  prefent  impofTiblc 
to  determine  with  precifion.  It  feems,  however^ 
reafonable  to  fuppofe  that  the  fubflances  firft  ufed 
for  this  purpofe  were  pofTefled  of  the  more  obvious 
properties  of  cements,  to  wit,  tenacity  and  du(%ility 
when  wet,  with  a  confiderable  hardnefs  when  dry. 
The  body  which  poifefles  thefc  qualities  moft  re- 
markably in  a  ftatc  of  nature  is  clay.     When  nuxed 
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with  a  little  water,  it  is  extremely  tenacious  and 
dudiic,  capable  of  being  fpread  to  almoft  any  dtgrcc 
of  thinncfst  and  when  ihe  water  is  feparated  from  ic 
by  the  fpontancous  heat  of  the  weather,  it  becomes 
hard,  ai^d  makes  the  fubilances  between  which  it 
was  fpread  cohere  with  a  fnial!  force.  As  the  clay 
however,  is  liable  to  be  penetrated  by  water  in  very 
wet  weather,  it  will  be  apt  firft  to  be  reduced  to  its 
original  fofc  ftate,  and  then  to  be  wafhed  away  by 
lhcrain<  For  both  ihefe  rcafona  buildings  in  whit 
clay  is  the  cement  can  have  but  little  durability! 
Bclidesthe  inconvcnieiicesjuft  mentioned, clay,  when 
mixed  with  water,is  apt  to  crack  in  drying,  by  which 
means  a  great  number  of  crevices  will  be  formed  in 
the  building  in  which  it  is  ufed  as  a  cement  i 
through  thele  thewiixi  and  rain  will  freely  pafs,  fo 
^  to  render  the  boufe  extremely  uncomfortable  du- 
ring winds  ;  and  in  wet  weather,  the  rain  being  more 
freely  admitted,  will  occaUon  damp,  and  cffoflually 
contribute  to  the  deArudion  of  the  edi5ce,  the 
ment  iifclt  being  quickly  walhed  away. 

The  inconveniences  of  clay  as  a  cement,  from  the 
cracks  which  are  formed  in  it  on  drying,  might  be 
remedied  by  mixing  fuch  fubftances  with  it  as  are 
lead  penetrable  by  water,  and  which  of  confcquence 
arc  lels  apt  to  have  their  dlmenfions  altertd  by  dry- 
ing. Sand  Ls  ot  tiiis  kind  ;  but  a  mixture  of  clay  aad 
fand  has  lef:!  tenacity  than  cby,  and  is  more  eafily 
penetrated  by  water;  though  as  it  doc»  not  crack 
drying,   it   is  ftiU  frequently  employed  in  cofti 
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buildings.  Of  this  kind  alfo  are  mod:  dry  vegetables^ 
particularly  fuch  as  having  arrived  at  perfed  matu* 
rity  by  completely  ripening .  their  parts,  have  little 
water  in  their  compofition.    Annual  plants,  in  which 

I 

the  vegetation  ceafes  in  the  roots  as  foon  as  the  feed 
is  ripe,  have  lefs  water  in  .them  than  other  plants  ia 
the  fame  fituation,  and  are  therefore  lefs  liable  to  alter 
their  dimenfions  by  being  expofed  to  a  dry  air« 
Thefe  fubftances  mixed  with  clay  would  remedy  ia 
part  the  inconveniences  arifing  in  drying.  Straw 
or  ftubble  pofleiTcs  the  properties  alluded  to  in  the 
treated  d^ree,  and  would  probably  be  ufed  in  mix-* 
ture  with  clay  when  intended  to  be  employed  as  a 
cement.  If  thefe  could  sot  be  had,  the  withered  leaves 
of  trees  might  be  fubftituted  foi  them.  Such  mix-, 
tures  of  clay  and  dry,  vegetables  have  been  ufed  as 
cement  in  building  among  many  nations,  and  are  dill 
ufed  by  the  more  uncultivated  parts  of  our  owm 
The  buildings  thus  conftrudcd  are,  however,  neitbef 
elegant  nor  durable.  And  though  the  addition  of 
vegctaWe  matter  may  prevent  the  cracking  of  the 
clay  by  the  reparation  of  the  water,  yet  that  very 
matter  is  fubjeA  to  decay  in  a  certain  time,  and,  by 
the  gradual  diflipation  of  parts  produced  by  putre*i 
&i&ion,  to  lofe  all  the  properties  for  which,  k  w^ 
originally  ufed.  By  thefe .  means  the  cement  in  a 
certain  time  becomes  more  porous,  and  more  cafily 
penetrated  by  the  wind  andvtain,  as  well  as  more 
liable  to  fcale  off,  than,  if  no  fuch  addition  had  been 
made* 
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The  inconveniences  of  this  cement  muft  foon 
either  have  made  mankind  lay  afide  ftonc  in  building, 
and  have  recourfe  to  their  old  material  of  wood,  or 
try  by  various  expcrimenis  to  difcovcr  a  cement 
more  pcrfedl  than  that  made  of  clay.  It  is  fuppofcd 
by  fome,  that  fire  was  ufcd  to  make  the  ftoncs  in 
buildings  cohere,  that  houfes  in  fome  places  were 
made  of  a  very  fufibic  kind  of  ftone,  that  afterwards 
a  great  fire  was  kindled  in  the  houfe  fuilicient  to 
melt,  at  lead  to  foftcn  the  ftones  of  which  it  was 
made,  by  which  means  the  whole  ftones  cohered  and 
became  as  one  piece  equally  impenetrable  to  air  and 
water.  Such,  it  is  faid,  were  Ibme  buildings  in 
Scotland,  which  have  been  defcribed  under  the  name 
of  vitrified  forts.  Concerning  ihefe  it  may  be  ob- 
fervcd  that,  granting  the  fa^,  this,  though  a  very 
durable,  would  be  a  very  cvpenfivc  mode  of  build- 
ing. It  would  be  uncertain  in  many  cafes,  apt  to 
fail  either  by  too  fmall  or  too  great  a  degree  of  hear  j 
too  little  making  the  joining  imperfed,  and  too 
much  didorting  the  figure  of  the  building.  No- 
thing elegant  could  be  produced  by  this  mode  of 
operating,  and  the  proccfa  would  fail  altogether  ex- 
cepting when  the  flone  was  of  a  very  fufible  kind. 
A  houfc  of  marble  treated  in  this  manner  would 
crumble  into  powder.  The  joining  of  freeftone  and 
granite  would  be  as  imperfeft  after  this  operation  as 
before  it,  and  the  only  fpecies  of  flone  in  which  it 
could  atallfucceed  is  whinftonc,  and  fome  others  like 
it.   Perhaps  very  bad  bricks  might  be  joined  in  this 
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manner.  If  the  walls  were  of  any  great  thicknefs  the 
in&de  would  be  in  the  (late  of  glafs  before  the  out«^ 
fide  had  acquired  a  red  heat.  This  method  of  ce-^ 
meriting  ftones  in  building  muft  be  fubjed  to  nu* 
merous  inconveniences  even  in  the  moft  favorably 
fituations^  and  in  many  would  fail  altogether. 

Buildings  of  this  kind  are,  I  belieye,  feldom  ta 
be  met  with  but  in  high  grounds,  or  on  the  tops  of 
bills,  where  the  wind,  blowing  with  more  violence^ 
might  raife  the  fire  to  a  greater  degree  thaa 
could  eaiily  be  done  in  a  lower  fituation.  In  this 
lefpeA  the  vitrified  forts  refemble  the  furnaces 
which  our  anceflors  conftruded  on  the  tops  of  bills 
for  the  purpofe  of  fmelting  metals  from  their  ores^ 
before  the  mechanical  arts  had  arrived  at  fuch  a  (lace 
of  improvement  as  to  admit  their  being  conftruded 
in  le&  elevated  and  more  convenient  fituations. 

Asthepradice  of  cementing  ftones  by  means  of 
fire  fecms  never  to  have  been  very  general,  other 
means  have  been  fallen  upon  by  which  the  ftones  ia 
buildings  might  be  more  conveniently  and  as  effedu-. 
ally  joined.  The  fubftance  which  has  been  moft 
generally  employed  for  this  purpofe  is  the  calca«^ 
reous  earth  in  the  ftate  of  lime  mixed  with  certaia 
fubftanccs,  and  reduced  to  a  proper  confiftence  by 
means  of  water.  This  mixture,  when  properly  made, 
produces  the  beft  cement  hitherto  ufcd  in  building* 
But  its  qualities  differ  very  much  according  to  the 
preparation  which  the  calcareous  earth  has  under-, 
gone,  and  the  fub(lancefi  that  have  been  mixed  with 
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h.  The  calcareous  earth  In  its  crude  ftatc  is  of  no 
oft  in  building.  When  reduced  to  powder  and 
mixed  with  water,  it  has  no  tenacity,  and  upon  the 
reparation  of  that  water  is  equally  dry  and  void  of 
cohcfion.  When  the  cafcareous  earth  has  been  ex- 
pofcd  to  the  utmoft  violence  of  fire  for  a  long 
lime,  it  becomes  very  brittle,  lofcs  confiderably  of 
its  weight,  becomes  very  hot  on  throwing  watft 
on  it,  and  falls  into  a  bulky  powder,  which  is,  how- 
ever ftill  very  dry.  Upon  mixing  more  water  with 
it,  it  forms  a  paftc  poflclTcd  of  a  confiderable  tena- 
city, and  this  by  long  expofure  to  the  air  becomes 
gritty  in  \xs  particles,  but  does  not  cohcie  fo  as  lo 
form  a  fblid  mafs.  It  confifts  of  a  number  of  hard 
particles,  but  has  no  properties  that  would  make 
one  ufc  it  as  a  cement  in  building.  When  a  little 
lime  is  diffiifcd  with  a  great  deal  of  water,  it  dif- 
folves  and  forms  lime  water;  and  by  cxpofing  this 
\v3ter  to  the  air  in  a  glafs,  there  forms  a  very  hard 
cnift  on  the  vcflcl  which  fcparatcs  from  it  with  dif- 
ficulty, and  fecms  to  have  all  the  haidncfs  which  the 
calcareous  earth  can  acquire.  If  one  could  give 
the  whole  mafs  the  tenacity  and  hardncfs  which 
the  little  contained  in  Iimc-%vater  is  capable  of  ac- 
quiring, it  would  polTefs  all  the  qualities  of  a  good 
Cement. 

When  we  examine  into  the  caufcs  of  this  differ- 
ence in  the  fame  fubrtance  expofed  to  air  in  thefe 
two  ways,  we  Ihall  find  that  the  want  of  cohcfion 
i;i  the  large  mafs  is  principaHy  owing  to  the  altera- 
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tion  in  fize  by  the  reparation  of  water^  and  attrac- 
tion of  part  of  the  air  in  confequencc  of  cxpofure. 
If  one  could  remedy  the  inconveniences  arifing  from 
this  fource,  a  perfedl  cement  would   be  produced,  '^ 
provided  the  calcareous  earth  was  originally  fuffi. 
ciently  pure,  and  the  degree  of  heat  to  which  it  was 
cxpofed  had  been  fufficiently  violent.     A  very  fmal! 
quantity  of  lime  is   fufficient   to    give  tenacity    to 
a  great  quantity  of  other  materials.     It  has  been 
found  that  lime  requires  fome  additions  to  fit  it  for 
a  cement,  and  thcfe  arc  to  prevent  cracking  by  the 
ieparation  of  water,  which  all  cement  muft  contain, 
and  to  enable  the  lime  to  abforb  air,  and  to  have  that 
chemical  cffedl  produced  on  it,  by  which  it  becomes 
hard  and  capable  of  making  the  (tones  cohere.  The 
cracking  of  the  cement  arifing  from  the  alteration  in 
its  bulk  by  the  feparation  of  water  may  be  prevented 
in  feveral  ways.     The  moft  common  is  to  add  hair 
if  the  cement  is  to  be  applied  to  the  infide  of  houfes, 
and  fand  or  filiceous  earth  in  the  body  of  the  houle 
and  where  it  is  expofed  to  weather.     Sand,  in  the 
compolition  of  cement,  anfwers  fome  other  purpofes 
befides  preventing  cracking  from  the  dilfiparion  of 
the  water.      Sand  is  perfedly   infoluble  in  water, 
and  is  incapable  of  being  adcd  upon  by  the  lime, 
it  does  not  alter  its  dimenfions  at  all  when  made 
-an  ingredient  in  cement,  and  therefore  occafions  a 
lefs  alteration  than  would  have  taken  place  had  the 
whole  mafs  confided  of  lime.     That  fand  may  anfwe: 
this  purpofc  it  is  ncceflary  it  (hould  be  pure,  and  par- 
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ticularly  that  it  ftiould  be  pcrfcdUy  free  of  chy  t 
inud,  both  of  which  imbibing   water  £ 
their  dimcnfions  by  it  arc  fubjcift  ro  the  fame  incon- 
venience that  lime  itfdf  is,  and  to  remedy   which 
fand  was  added.     River  fund,  which  has  lefs  mud  o 
clay  ihin  pit  fand,  is  univcrfilly  preferred  as  an  i 
grcdient  in  cements  for  building. 

A  proper  mixture  of  fand  and  Hakcd  lime  in  pr( 
ccfs    of  lime  becomes  hard  without  cracking, 
hardnefs  incrcafei  with  age,  and  it  is  impervious  to 
water.     The    hardening  of  the  cement  in  building 
is  entirely  owing  to  the  effefl  of  the  air  on  the  limc^ 
and  not  to  the  feparation  of  water  from  it.     By  i 
covering  that  air  which  the  fire  had  feparaicd, 
recovers,  in  a  great  mcafure,  the  hardntfs  which  a 
had  before  burning.     The  fooner  lime  can  recover 
this  air,  the  quicker  will  the  cement  harden  ;  and  the 
more  equally  the  air  is   furniflicd  to  the  lime,   the 
more  uniform  u-JIl    the  mafs  be,  and  the  greater  the 
cohelion  of  the  whole.     That  the  air  may  be  eallly 
and  cquajly  furnilhcd  to  the  lime,  it  is  necellaiy  that 
the  lime  ihould  be  equally  and  perfectly  calcinet 
and  the  cement  made  of  it  be  as  equally  expofed  I 
the  adion  of  the  air  as  poflible.     This    is  effeiit 
fifft  by  ufing  the    lime  as  ibon  after  it  is  burnt  t 
potfible,  and  fecondly  by  mixing  fand  or  other  fuB 
ilanccs  with  it  in  fullicicnt  quantity  and  of  a  proper 
fize.     That  the  ufing  lime  ncw-fiaked  and  as  pcr- 
fcdly  burnt  as  poflible,  will  greatly  contribute  i 
the  hardncfs  of  the  cement,  is  evident  froiu  chia  en 
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iideration,  that  it  is  only  when  newly  and  pcrfc&ly 
burnt  that  all  the  lime  is  capable  of  hardening  by 
expofure.  If  it  is  kept  for  ever  fo  (hort  a  time  after 
burning,  fome  of  it  returns  to  its  original  Hate. 
Thus  a  pare  of  the  lime  is  capable  of  hardening  by 
attradion  of  air  and  cryftallization,  while  a  part  of 
it  is  incapable  of  any  alteration,  and  is  of  no  more 
fervice  than  an  equal  quantity  of  chalk  or  unburned 
lime.  By  thefe  means  a  part  of  it  is  noc  only  ulelefs, 
but  by  fcrecning  che  pcrfe<fl  part  from  the  aftion  of 
the  air,  it  retards  the  hardening  of  the  cement  and 
tends  very  much  to  make  it  fcale  oiF. 

For  thefe  reafons  1  think  the  common  practice  of 
keeping  lime  a  long  time  before  it  is  ufed  is  a  very 
bad  one.  The  workmen  generally  flake  their  lime, 
mix  a  quantity  of  fand  with  it,  and  keep  it  in  this 
manner  for  fevcral  months,  and  this  proccfs  they 
call  by  a  very  impropcrnamc,  "  fouringof  the  lime." 
This  praiSice  is  very  general,  and  to  it  I  am  pcr- 
fuadcd  in  a  great  mcafure  is  owing  the  bad  quality 
of  the  cement  ufed  in  modern  buildings.  This  can 
be  of  no  fervice  but  to  undo  a  part  of  the  cffeiS  pro- 
duced by  the  heat  upon  the  lime,  as  the  long  ex- 
pofure  to  the  air  will  furnifli  that  matter  which  had 
been  feparated  by  the  fire.  There  is,  however, 
generally  fome  good  reafon  for  any  praSice  which 
is  common  to  all  the  perfons  in  (he  fame  trade, 
though  it  may  not,  in  all  cafes,  be  eafy  to  difcovcr  it. 
And  it  will  be  found  that  though  this  praftice  will 
never  make  good  cement,  it  may  improve  bad  cement 
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n^e  of  baltiwrnt  time  Tfait  bad  cufiom  fixms 
lo  have  been  introdoced  by  an  erroneous  opinion, 
*cry  general,  conccxnirg  the  nature  of  rhc  calcareou; 
earth  or  timeflone,  nfcd  in  making  lime,  to  wit, 
that  the  pureft  limeiloiK,  or  marble,  or  chalk,  do 
DOC  nuke  the  bell  cement,  and  workmen  uoit-er- 
blly  prefer  lime  made  of  the  harder  and  more  impure 
litneAones.  It  is  difficult  to  undedHnd  what  firft 
fu^eflcd  this  erroneous  notion.  It  feems,  howcrer, 
to  hare  been  owing  to  the  foUowing  circumftances. 
Chalk,  though  the  pureft  fpccies  of  calcareous  earth, 
is  a  vet)-  fofi  and  fpungy  fublHnce.  When  expofed 
to  the  fire  for  a  (liort  time  it  flakes  tctt  ealilj-, 
ihoDgh  it  is  not  above  half  burned.  The  more  im- 
pure limeftones,  on  the  contrary,  after  cakination, 
will  not  fail  into  powder  upon  flaking  unlcfs  the 
air  has  in  a  great  meafure  been  cxpeltcd  by  the  fire. 
The  flaking  of  the  lime  is,  in  the  lait  cafe,  a  proof 
of  the  limcflone  belr^  perfectly  burnt ;  which  is  not 
the  cafe  in  lime  made  of  chalk.  This  might  make 
ihc  workmen  afcribe  to  the  Itonc  the  qualities  whi< 
depend  intirdy  on  the  calcination. 

The  vulgar  criterion,  that  the  ready  flakii^ 
lime  is  a  proof  of  its  fitncfs  for  building,  is  true 
only  in  lime  when  made  of  hard  flones.  This  feems 
to  be  the  chief  rcafon  why  all  the  authors,  whom  I 
have  confulted,  Jrom  Vitruvius  downwards,  agree 
that  lime  made  from  the  clofefl  and  hardcfl  ftone 
makes  the  bcfl  cement.  Another  reafon  for  this 
opinion  may  be,  that  fpungyfubftances,  like  chalk. 
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more  cafily  recover  the  air,  which  the  fire  had, fepa- 
raied,  and  arc  more  injured  by  keeping,  ihan  lime 
made  of  harder  ftones.  A  pound  of  chalk  lime  will 
abforb  2^  ounces  of  air  in  a  day  without  apparently 
flaking.  The  Umc  of  chalk  may  therefore  be 
much  injured  without  the  flaking  fliewing  that  il 
is  fo.  Some  portion  of  every  kind  of  jimeftone, 
ufed  in  this  country,  is  not  fuflicicntly  burnt,  and 
does  not  flake  readily.  Some  parts  are  half  vitrified, 
and  fbme  limeCloncs  contain  marl  or  gypfum.  Work- 
men would  naturally  be  led  to  the  pradice  of  keep- 
ing the  lime  fome  time  after  it  was  flaked,  that 
the  water  might  penetrate  the  whole  more  thorough- 
ly. In  the  common  lime,  if  this  pradlicc  was  not 
followedi  it  could  fcarcely  be  ufed  as  a  cement  at 
all,  becaufe  thofc  parts  which  efcaped  the  a(5l:ion  of 
the  water  in  the  flaking,  would  afterwards  imbibe 
moiflure  from  the  air,  would  fwell,  crack,  and  fall 
off.  The  pradice  of  fouring  the  lime,  therefore 
anTwers  no  other  purpofe  but  to  give  lime  to  the 
water  to  penetrate  the  whole  of  it ;  and  as  the  befl: 
burnt  is  penetrated  fooneft,  while  the  reft  requires 
longer  time,  the  whole  is,  by  keeping,  brought 
nearer  to  equality,  but  far  fliort  of  that  flate  of  lime 
which  is  capable  of  giving  the  greatcft  degree  of 
hardnefs  in  cement. 

There  is,  perhaps,  another  reafon  for  fouring 
lime.  Plafter  for  the  infidc  of  houfes  muft  be  laid 
on  very  fmooth,  and  requires  to  be  more  tenacious, 
and  to  have  "more   lime  in  it  than  the  cemeat  ufed 


in  building.  This  qitimtity  of  lime  would  be  apt 
to  crack  in  drying,  for  the  reafons  already  men- 
tioned. They  ire  therefore  obliged  to  keep  |l 
longer,  that  the  lime,  previous  to  being  ufcd,  m$if 
have  time  to  abforb  a  quality  of  air.  The  baiU 
ders,  confidcring  the  plaftcrcrs'  mortar  as  of  a  fin9 
kind,  think  it  not  improper  to  imitate  them  in  tHoft 
particulars,  which  are  attended  with  no  expetio^ 
and  do  not  fcem  to  know  that  fuch  meafurcs  pte* 
vent  their  cement  from  ever  acquiring  that  dcgtec  of 
hardncfs  in  which  its  pcrfcdion  confifts. 

The  proper  method  of  ufinglimcmadcof  thecoarftf 
limcftones,  and  avoiding  the  inconvenicncics  arif* 
ing  from  the  unequal  aiSion  of  the  firt,  even  in  tlK 
beft,  would  be  to  put  the  lime  on  a  ficve,  plunge  the 
whole  in  water  for  a  few  moments,  lift  it  up,  aoS 
allow  all  the  lime  to  flake  that  will  do  fo  readily,  and 
fcparate  this  part  cartfuUy  from  the  reft.  It  wtil 
always  be  found  to  be  the  beft  calcined,  and  wiB 
produce  a  finer  and  harder  cement  than  could  have 
been  made,  had  the  whole  been  flaked  in  the  ordi- 
nary manner.  The  part  which  does  not  flake 
fliould  be  kept  for  other  purpofes,  and  thcexpence 
of  this  proccfs  might  be  diminifhed  by  employing 
that,  which  does  not  fell  at  (irrt,  as  a  manure  fot 
land,  for  which  purpofe  it  is  as  good  as  lime  in  ll3 
mofl  perfcift  flate. 

Befidcs  having  lime  in  the  beft  condition,  it  a 
ncceflary  that  the  whole  maft  of  cement  ftiouM  be 
fo  made  that  the  lime  in  it  may  be  cxpofcd  to  tire 
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■air  at  much  as  poflible.  THfe  fmaller  the  propor^  j 
lion  of  lime  in  cement,  the  more  furface  will  it  cx4  j 
pole  to  the  air.  On  this  account,  fix  or  feven  parts  of  j 
land  to  one  of  lime,  will  be  more  convenient,  thaft  J 
the  common  proportion  of  two  or  three.  But  Co 
large  a  proportion  as  fix  or  feven  parts  of  fand  to 
one  of  lime,  cannot  be  ufcd  for  cement  without  th« 
mixture  becoming  fo  brittle,  that  it  will  not  adhere 
to  the  furface  on  which  it  is  fpread.  If  one  was  to 
mix  flints  or  fand  in  fine  powder  in  this  praportioa 
with  lime,  the  defired  tenacity  might  be  given  to 
the  cement,  but  otherinconveniences  would  be  pro- 
duced. The  cement  thus  made  is  never  fo  ftrong 
as  that  made  with  coarfer  fand.  It  makes  indeed  a 
beautiful  and  fufficiently  hard  cement  for  finilhing 
the  infide  of  rooms,  much  harder  and  clofer  than 
the  common  ftucco:  but  it  is  not  hard  enough  to 
give  all  the  fiminefs  to  the  ftones  in  a  building  that 
the  bcft  mixture  of  lime  and  fand  is  capable  of  gtv. 
ing.  If  the  cement  made  with  powdered  flint  is 
ibuck  with  a  hard  body,  it  cracks,  and  the  fiflure 
is  always  rediiincar,  or  nearly  fo.  When  mortar 
is  made  of  coarfe  fand,  it  becomes  much  harder, 
and  when  ftruck  by  a  hard  body  the  crack  is 
Jiever  in  a  right  line.  The  caufes  of  the  inferiority  of 
cement  containing  fine  powder  feem  to  be  two,  the 
one  mechanical,  and  the  other  chemical.  The  firft 
is,  that,  a  folid  mafs  of  fine  particles  of  unequal  hard- 
Ttefs  being  firuck,  the  fofteft  are  broken ;  and  the 
fizc  of  ihehardeft  being  very  fmall,  the  diredion 
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of  the  crack  feems  to  be  the  fame  as  if  the  whcrfe 
had  been  made  of  (oft  matter,  and  the  crack  is-  in 
the  firaight  line.  But  if  we  ftrike  a  mafs  of  cetnenr, 
tonfifting  of  fine  foft  particles  and  coarfe  hard  ones, 
the  fniflure  Is  always  crooked,  becaiifc  fo  much  of  the 
fofter  matter  cannot  be  found  in  a  ftraight  line,  as 
tomake  rhe  fiffurereiftilinear  :  the  harder  and  larger 
particles  arc  for  ever  (landing  in  the  way,  and  (he 
whole  mafs  is  more  difficult  to  break.  The  (econd 
Tcafon  why  the  mafs  with  coarfe  fand  and  lime  will  be 
harder  than  fine  powdered  flint  and  lime,  is,  that  the 
fine  powder  produces  a  more  tenacious  mafs,  through 
whfch  air  and  moifturc  pais  with  more  difficulty. 
The  lime  in  fuch  a  mixture  will  therefore  be  longer 
in  recovering  the  air  it  had  loft,  and  will  be  longer 
ofafTuming  a  cryftalline  form.  On  thefc  accounts, 
"pefhapF,  fine  powder  of  flint  in  cements  cannot  be 
ufcJ  where  greater  hardnefs  is  wanted.  It  may  be 
employed  in  ornaments  in  the  infidc  of  a  houfe, 
but  never  to  advantage   as  a  cement  in  building. 

Other  methods  miift  be  tried  to  mix  the  feVcn 
parts  of  fand  with  one  of  lime.  The  bcft  mode  of 
mixing  fo  lat^'e  a  portion,  feems  to  be,  to  ufe  fand 
o_f  different  fizes  in  the  fame  cement :  the  larger 
pieces  ^viIl  give  ftrc/igih  to  the  mixture,  and  allow 
theair'moie  freely  to  come  in  contaft  with  the 
litnc ;  the  finer  fand  in  the  mixture  will  fill  upfomc 
of  the  inierfticcs  betwixt  the  particles  of  thecoarfer, 
arul  with  a  left  proportion  of  lime,  give  a  greattr 
degree  of  tenacity,    than  if  the  cement  hod  been 
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made  of  either  ftparate.  It  ought  further  to  be 
obfcrved,  that  a  little  difference  in  the  cement  will 
arife  from  the  ihape  of  the  particles  of  the  fand  in 
it,  as  well  as  from  its  quantity.  The  cement  will 
be  harder  when  the  panicles  of  fand  are  flat, 
than  when  they  are  round.  When  they  are  round 
the  particles  touch  each  other  in  fewer  points.  The 
cohefion  of  the  whole  will  therefore  be  lefs.  When 
the  particles  of  the  fand  are  flat  the  furface  in  cen- 
tal is  greater,  a  fmaller  quantity  of  lime  will  fill 
up  the  interftices,  and  lefs  af  the  lime  will  be  kept 
away  from  the  action  of  the  air.  The  cement  will 
therefore  not  only  become  harder,  but  will  do  fo  in 
a  ftiorter  time,  becaufc  the  lime  in  it  will  fooner  and 
more  perfeiftly  recover  the  air  it  had  loft  in  the  fire. 

That  (harp  fand  anfwers  better  in  the  compofition 
of  cement  than  round  Tea  fand,  all  builders  acknow- 
ledge. But  few  of  them  will  admit  that  fcven  parts 
of  fand  to  one  of  lime  will  produce  a  cement  fupe- 
rior  to  that  in  common  ufe.  That  this  proportion, 
however,  is  better  than  the  common,  may  be  proved 
by  examining  the  cement  in  old  buildings,  where, 
from  the  age  of  the  ftruiSurc  and  firmnefs  of  the 
cement,  there  is  rcafon  to  fuppofe  that  it  was  of 
the  beft  quality.  In  many  old  cements  I  have  found 
by  experiment  the  proportion  of  lime  not  more 
than  one-feventh  of  the  mafs;  and  that  in  fuch 
cement  the  fand  or  flint  is  of  different  lizes,  mufi: 
have  been  obfcrved  by  every  body. 
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Itougbt  UkcwUe  to  be  icimrtftl,rtBr  alkilc  bdiodc 
is  aJJowablc  in  the  quantiiy  of  &ad  and  vwct  in  die 
coiDpoficiaa  of  cemcnc  accosting  to  ifedme  kk 
fappofed  the  cement  will  take  to  dry.  MkIi  Ume 
indai  little  waier  as  poffible  'Millanfwer  bdl;  wlm 
■heccxnenc  utodry  loon.  Lc&limcudiMKflni 
will  anfver  bdl,  if  ii  h  to  diy  flowlf.  fiir  Ac  fione 
qaaiKity  of  water  gives  more  duiditr  to  moctat  m 
proponion  as  the  tand  is  coaiier: 

Though  tbc  mixture  of  fand  af  difiincnt  fius 
with  lime  and  water  ia  the  propoitiooa  alieadx 
mciitioocd,  produce  a  good  cement,  it  is  tctt  loi^ 
before  it  acquiru  its  utmoft  degtee  of  hardneia:  aad 
Aii  U  its  greateft  fault.  The  older  it  is  the  baidei 
it  grows.  But  the  firft  year  it  is  liable  to  be  peoc- 
trated  by  rains,  and,  if  froft  fuccceds,  to  fcale  oS* 
by  the  exp&nfion  of  water  in  freezing.  The  failing 
of  the  common  cement,  as  well  as  that  above  roen- 
ttoncd.  is  principally  owing  to  thi^;  to  remedy 
which,  many  perfatu  have  propofisl  to  ufc  fonae^ 
thing  bcfides  fand  and  lime  in  (he  compofitioo  of 
Cement. 

The  moft  celebrated  cement  upon  this  princi- 
ple was  propofcd  by  M.  Loriot,  and  ronfifled  of  a 
quantit)'  of  powdered  unflakeri  lime  mixed  with  a 
cement  made  of  land  and  common  chalk  or  whue- 
ing.  The  mixture  was  to  be  ufed  immediately. 
But  this  compofirion,  tlKMigh  very  much  extoiled 
t>y  it»  authoo  h^  not  come  into  general  xxfc 
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ficericis  to  pfOcced  on  the  miftake  that  the  drying  and 
hardening  of  die  cement  are  the  fiune  thing ; .  though 
the  one  depends  on  the  reparation  of  the  water^  and 
the  other  upon  the  abforption  of  a  quantity  of  air^ 
and  ponfequent  cryftallization.  M.  Loriot's  c^ 
ment  does^  indecdj  dry  very  fad  by  the  unflaked 
lime  foon  abforbing  the  water  in  the  cement.  But 
k  18  ftill  very  hr  £Kom  poflefling  the  hardnefs  of  old 
cements^  and  if  the  unflaked  lime  h  unequally 
bumt^  it  continues  to  fwell^  and  in  a  ihort  time  falls 
ofi;  as  I  have  found  by  repeated  trials^  as  well  as 
that  the  addition  of  old  lime  or  chalk  or  whiteing 
is  never  of  any  advantage,  and  generally  does  harm* 
The  prtipordon  of  fand  in  Loriot's  cement  is  too 
finaU. 

.    Others  have  lecommended  ikimmed  and  butter* 
milk  or  blood  to  be  ufed  inftead  of  water  in  mixture 
with  lime  and  fand  in  the  compoiition  of  cement ; 
and  nmny  are  of  opinion  thfit  thefe  fubftances  con- 
tribute to  the  quick  hardenii^  of  the  cement,    fiut 
in  all  moitars  which  I  have  feen^  they  ieemed  to  be 
t>f  no  fervice^  and  always  gave  a  difagreeable  ap- 
pearaixre,  when  ufed  in  calling  of  houfes^  a  vegeta- 
tion being  produced  in  the  cement,  which  by  keep- 
ing it  Hioift  tended  to  fpoil  it.    Decoi^ion  of  lin- 
ieed,  though  ftrongly  recommended,  has  the  iame 
inconveniences,  and  all  of  them  produce  no  advan- 
Cage»  except  making  the  cement  more  glutinous 
than  it  would  have  been  with  pure  water ;  but  it  is 
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38  liable  to  crack  as  the  common  cement,  and  C 
only  fcrvice  they  can  be  of  is  to  give  an  equaJ  tei 
city  to  a  lefs  portion  of  lime  in  the  mixture.  Un- 
fecd  and  olive  oil  mixed  with  lime  produce  a  fort 
of  foap,  which  is  long  in  drying,  and  fcems  to  have 
no  properties  of  a  cement.  Mixtures  of  linfecd  oil, 
chalk,  and  fand,  in  dry  tituations,  acquire  a  great  de- 
gi'cc  ofhardnefs,  and  arc  fometimes  ufedas  a  cement 
in  building ,  they  differ  little  from  common  putty, 
but  the  oil  fpoiis  in  time.  Painting  of  cement  pre- 
vents the  further  hardening  by  cutting  off  the  com- 
munication with  air,  and  wherever  water  can  get 
behind  the  paint,  irreparably  deHroys  it.  Charcoal 
of  wood,  and  charred  pitcoal  powdered  and  mixed 
with  lime  and  fand,  fecm  to  make  the  cement  hardes 
faftcr  ;  but  the  difference  is  not  very  great :  the  ce- 
ment by  this  mixture  acquires  a  bluifli  grey  or  flate 
colour. 

Some  have  recommended  clay  in  the  compofition 
of  cement  containing  lime  and  fand.  But  in  all 
mixtures  of  this  kind  the  cement  is  much  injured  by 
the  addition  of  clay.  It  is  more  difpofed  to  crack 
in  drying,  to  foften  in  wet  weather,  and  even  to 
moulder,  if  the  clay  be  one-eighth  of  the  cement.  In 
a  fmallcr  proportion  it  only  prevents  the  mortar 
from  acquiringthe  hardnefs  peculiar  to  it,  and  dif- 
poles  it  (o  pcn{h  in  a  few  years.  Bclides  clay  ad> 
heres  but  very  weakly  to  any  hard  bodies,  however 
i\ovi\y  it  may  be  dried  on  chcm;  and  mixtures  i 
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find  and  chy  never  acquire  any  confiderablc  hard- 
ncfs  by  mere  drying  and  cxpofurc  to  the  air.  As 
dried  clay  greedily  imbibes  water,  and  contratfts 
greatly  in  the  drying,  it  muft  be  injurious  in 
cement. 

The  fubftance  mod  recommended  to  increafe  the 
hardnefs  of  cement  is  terra  puzzolana:  this  is  a 
volcanic  produifl,  confifting  principally  of  clay  har- 
dened by  fire  and  partially  melted  by  a  mixture  of 
calx  of  iron.  Its  etFcifts  in  the  compofition  of  ce- 
ment are  of  little  importance  unlefs  the  cement  be 
kept  conftantly  wet.  A  cement  made  of  powdered 
terras  and  lime  was  ufed  by  the  Romans  in  all  their 
aquedudh  and  buildings  to  contain  or  keep  out 
water,  and  it  has  been  generally  employed  in  fuch 
ftruiftures  fince  that  time.  When  ufed  in  buildings 
which  are  conftamly  wet,  it  fcts  very  quickly,  and  is 
then  impenetrable  to  water.  From  this  it  has  been 
rather  haftily  concluded,  that  it  is  the  beft  fubftancc 
that  can  be  mixed  in  cements  of  all  kinds.  But 
cement  containing  terras  does  not  become  fo  hard, 
norendure  the  weather  fo  well  as  cement  made  of 
good  lime  and  fand  in  proper  proportions;  on  the 
contrary,  it  is  very  apt  to  crack  and  perifh  quickly 
in  the  open  air.  Irs  efficacy  in  water  fences  is  only 
felt  when  it  is  kept  always  wet,  and  feems  to  depend 
on  fomc  properties  which  powdered  terras  have  in 
common  with  all  martial  clays  hardened  and  almofl: 
[felted  by  fire.    It  abforbs  water  and  promotes  the 
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cryftalHzation  or  fixing  of  ibc  cjUcwoqus  earth, 
aad  by  chtG  means  fwells  To  as  to  render  the  cement 
impenetrable  to  more  water.  That  terra  n  ce- 
ments operates  in  the  rawinerjuft  mentioned,  fecms 
to  be  proved,  by  obfcrving  that  burnt  clay»  if  it 
contain  iron,  and  all  m«rtiid  ochres,  which  confiil 
of  iron  and  clay,  have  the  fame  ciTed  u  terras  in 
cement,  afid  may  be  advantageoufly  ufed  inltead  of 
jt.  Water  cement  generally  confifts  of  lime  and 
terras,  but  no  fand,  though  this  Uft  feenu  tQ  maJdc 
«he  cemeot  b»rder*  —  -n,,      i 

1  TbciubaacKc  wl»kAm9ke3tbebe<);C!«iiffM:|nA 
line,  for  tteptnpc^pf  r^&fl^ygaur,  i9,,infi^,f^ 
Atced  to  fooall  particles,  either  in  the  fbim  of  una 
iilingi,  boring  duft,  or  powdered  fades  of  in^ 
Thcfe  mixed  with  ccnent  made  of  lime  and  land  io 
the  proportion  of  ^ty  part  or  lefs,  feemedto  be  «f  w 
fervice  in  dry  (iuiations;  but  in  wet  places,  wMp 
cement  made  of  lime  and  land  will  not  hardffi  at  rii, 
they  were  very  ferviceable,  and  by  the  clofeocft  of 
the  texture  produced  by  the  rufting  and  fwdlii^  of 
the  iron,  excluded  watw  perfedly.  Mixed  inalaiser 
j)roportion  with  lime,  fuch  as  five  or  fix  paia  of 
iron  filings  to  one  of  lime,  they  produce  a  ccmcntt 
which  will  rrfift  the  fteam  of  boiling  water.  A  es- 
mcDt  of  this  kind,  which  I  law  lately,  had  rritftal 
the  force  of  the  fteam  of  boiling  water  for  ftvenl 
months.  Iron  then,  would  prob^ly,  with  lime  in 
the  oompolftion  of  moitar,   be  a  more  eflSpiluRlff- 
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medy  for  damphefi  in  buildingi  dum  any  fubftanoe 
hitherto  ufitd  for  that  pwp(ttc.  But  in  dty  fic«nu 
tions  IhUdM^  Mt  anfin^^  4f  ikt  irMlk  inore  than 
oncfiifcieth  of  die  maft  of  tnortar. 

A  late  author  has  propofed  to  mix  bone  afhes  with 
the  cement  made  of  lime  and  fand.     One  part  of 
bone  afhes  to  four  of  lime,  he  fays,  improves  the  ce« 
ment,  makes  it  dry  quicker,  and  not  fo  apt  to  cracky 
ivithout  injuring  its  hardnefs  much,  while  it   im« 
proves  the  tenacity.     A  quantity  of  bone  aflics  equal 
to  that  of  the  lime,  is  not  fo  durable,  but  dries  very 
faft,  and  is  not  injured  by  hot  weather.  More  would 
diminiih  the  cohefion  of  the  cement,  and  lefs  would 
be  of  no  fcrvice.    The  bone  afhes  in  cement  fccm 
to  be  ufeful  by  their  being  porous,  in  confequencc 
t)f  which  they  aiAlflif  #r  WtfA  vmMnre,  and  thus  ac« 
cderate  the  fetting  of  the  cement,  and  fecure  the 
plafler  from  moifl  and  variable  weather,  and  pre«K 
vent  dampnefs. 

As  the  flrei^h  and  duration  of  our  moft  ufefut 
and  expenfive  buildings  depend  on  the  goodnefs  of 
the  cement  with  which  they  are  conflrud:ed,  an  in* 
quiry  into  the  nature  of  cement  is  of  great  impor* 
tance,  particularly  in  this  country,  where  the  wea- 
ther is  fo  variable  and  trying,  and  the  common  ce- 
ment  fo  bad.     In  moft  of  our  buildings  the  timbers 
lafl  longer  than  the  walls,  unlcfs  the  mouldering  ce- 
ment be  frequently  replaced  by  pointing.     It  has 
been  generally  fuppofed,  that  the  Romans  were  ac- 
quainted with    a  cement  far  fuperior  to  any   now 
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In  their  mofl:    expofed    ftniiflur«,    the 
,  it  hu  withliood  cvra  a  trial  of  liftecn. 
or  two  choufand  years.     But  the  lunire  of. 
this  cement  fhall  be  confidered  in  another  efEiy. 


7::  "^  -^Y,  K 


ESSAY  XI. 


QN  ANCIENT  CEMENT. 
A.  D.  1783. 


Two  kinds  of  cement  have  been  found  in  the  ruins 
of  ancient  buildifigs ;  one  a  bituminous^  the  other 
a  calcareous  cement.  Bituminous  cement  confifts 
ofafphaltum  or  the  bitumen  judaicum :  this  fub- 
ftance  is  of  a  dark  brown  or  black  colour,  of  a  foft 
or  liquid  confidence^  found  in  great  quantities  on 
the  furface  of  certain  lakes^  in  different  parts  of  the 
world,  paiticularly  in  the  Dead  Sea.  Some  fpecies 
ofafphaltum  are  hard  and  Iblid,  and  the  mofl  fluid 
kinds  become  fo  by  age.  The  thick  and  folid  af- 
phaltum  is  employed  at  prefent  in  Egypt,  Arabia^ 
and  Perlia,  as  pitch  for  (hips;  the  more  fluid 
fpecies  are  ufed  for  burning  in  lamps.  Vitruvius 
mentions,  that  Semiramis  furrounded  Babylon  with 
a  wall  of  brick  cemented  with  a  liquid  bitumeo^ 
which  was  got  in  a  very  large  lake  in  the  neighbour. 
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hood,  to  which  he  gives  the  name  of  Limnc  ATphaL 
tidis.  He  fays,  there  arc  iargc  lakes,  which  yield 
liquid  bitumen  alfoac  Joppa  in  Syria,  and  in  Arabia. 
Galen  mentions,  that  in  Judea  there  was  a  lake  which 
was  called  AfphaUites,  from  the  bitumen  afphal- 
tum,  uhichwas  found  in  the  Dead  Sea.  The  af- 
phaUum  fecms,  in  many  refpc(5ts,  to  be  very  well 
fitted  for  a  cement  in  building.  It  is  either  fluid 
naturally,  or  may  be  made  fo  by  a  fmall  degree  of 
heat,  and  it  becomes  exceedingly  hard  and  tenacious 
by  age.  Thofe  fpecies  which  will  not  melt  can- 
not be  ufed  for  any  purpofe  in  building,  fiut  thofe 
which  are  fluid,  or  which  melt  eafily,  are  very  coo- 
venicnt;  they  foon  acquire  all  the  hardncls  of  which 
they  are  capable,  are  not  injured  by  being  fuddenlf 
dried,  but  become  equally  lirm  and  durable  in  the 
air.  and  impenetrable  by  water.  Thefe  qualities  of 
afphaltum  render  it  a  very  ufeful  cement,  and  though 
it  is  in  fome  refpeds  inferior  to  the  calcareous  ce- 
ments, it  anfwers  much  better  for  many  purpofes. 
But  it  is  found  in  but  few  places  in  fufiicient  quan- 
tity to  be  employed  in  any  large  work.  The  Dead 
Sea  furniOies  the  greateft  abundance  of  it :  ic  is 
found  alfo  in  fcveral  parts  of  Europe,  and  a  very 
Utile  of  it  in  Scotland.  The  diftrict  of  Neufchatel 
is  the  only  place  in  Europe  that  furniihef  a  con- 
lidcrablc  quantity  of  it.  This  fpecies  is  of  the  con- 
fidence of  honey,  and  is  ufed  as  a  cement  for  walls, 
pavements,  watcr-courfcs,  and  for  many  other  pur- 
pofes.   It  ius  been  found  to  anfwer  there  fo  well. 
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that  i€  <M\Mt  be  doubted  thut  theafphaltutn  is  a  m6fl: 
tzcellenc  cement^  well  iitced  fbr  the  ptlrt>ofes  to 
Which  it  wai  applied  by  the  attcient  iiihabltatitA  of 
tkteaft. 

But  it  waft  only  etaipleyed  to  join  bricks  or  (hxies 
with  flat  furfaces  5  its  fluidity  rtridered  it  incon- 
venient when  the  ilones  were  hot  fitted  to  each 
«hcr.  I?crhapij  it  wouW  be  a  ufefill  fubjedl  of  inqoiiy 
to  fearch  after  a  fubilance^vbich  might  be  fubftituted 
for  the  natural  afphaltum  in  building.  ComitiMi 
I»t-coal  feenM  mod:  likdy  to  anfwer  this  purpofe. 
Ic  fiimiihea  by  diftUlation  an  oil«  and  a  fubftance 
liiie  car^  which  in  ka  cbaniical  properties,  very 
cxaftly  rdcmUca  tha  natutal  afphaltum^  and  lite 
ic  it  fluid  at  firft^  and  becomes  bard  and  firm  by 
agt.  The  fubftanee  liJte  tar  has  been  lately  em- 
{doyed  inftead  of  pitch  in  the  faire  manner  ^  the 
natural  afphaltum  was  ufed  in  Perfia,  and  has  beeh 
Ibund  fuperior  to  common  pitch  for  p^'cferving  the 
bottom  of  fbipa.  There  is  every  reafon  to  exped  it 
would  equal  the  natural  afphaltum^  as  a  cement  in 
building.  Feriu^^  its  price  would  prevent  k  froiti 
coming  ioto  general  ufe  now,  in  the  fiime  manner  as 
the  fcarcity  of  natural  afphaltum  prevented  it  froili 
beiog  generally  ufed  by  the  ancients.  The  art  of 
itisng  afphakum^  as  a  cement,  cannot  be  faid  to  be 
loft.  It  was  ufed  formerly^  only  where  it  was  found 
in  plenty,  and  where  that  is  the  cafe,  it  is  ufed 
ftUl. 

cementj  however,  is  not  in  geneiai  fuperior 
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10  the  calcareous  cement,  and  .hvTomc  diCtdvan- 
tagcs,  which,  that  other  is  free  from.  It  is  vay 
dangerous  in  c^  offtrej  though  it  lofes  much  of 
its  inflammability  and  fufibility  by  age.  It  never 
acquires  the  hardnefs  of  the  bo(>  calcareous  cement, 
and  is  chiefly  fupenor  to  it,  with  weU-)«ntcd  brick 
and  Hone  in  thin  walls,  where  it  dries  Coon.,  Ic  Is 
not  injured  by  moifturc,  which  Ipoils  the  calcareous 
cement.  All  fufij^le  and  inflammable  fubfbmoes 
are  liable  to  the  fame  or  greater  objedtions.  1. 
Another  cement  was  contrived,  and  much 
generally  ufed,  in  which  lime  wzi  the  ccmentii 
ingredient,  and  other  fubftanccs  were  mixed  \jfiih 
■it,  to  remedy  fome  incoDvemcnces,  which  lime 
alone  is  fubjeft  to.  A  cement  of  this  kind,  has  been 
ufed  both  by  the  ancients  and  moderns:  butthcan. 
cicnt  cement,  it  has  been  imagined  by. many,  wa» 
fuperior  to  that  of  the  moderns.  It  has  been  fup- 
pofed,  that  the  ancients  mixed  fome  ingredient  in 
their  cement,  which  is  now  unknown?  iha:  this 
long  loft  ingredient  is  the  caufc  of  the  duration  and 
hardnefs  fo  much  admired  in  ancient  llru^^res; 
and  that  the  art  of  nuking  this  ancient  cement  is  a 
ioftart.  But,  as  the  moderns  ufe  a  cement  tjiat 
very  much  refembles  the  ancient  one,  many  havt 
doubted  whether  this  be  really  inferior  to  ihc  an- 
cient in  any  other  refpc(S  than  what.  i«:.meitely. ac- 
cidental. It  has  been  imagined,  chat  it  is  not  pro*: 
bable  that  any  knowledge  once  acquired  in  any  ait 
ihould  be  loft.    That  this  ^  Ief£  probable,  if.  the 
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art  was  a  ufeful  cnc,  and  praftifed  by  dlflfcrent  peoj^ 
pk  in  difiereht  countries  s  that  it  k  highly  impro«i 
bable,  that  the  knowledge  of  a  ufeful  ingreditet 
flimild  be  blotted  out  of  the  memory  of  fo  many 
people.  Beiides .  it  has  been  afllirted,  that  the  an^ 
cients  had  no  art  in  making  cement,  and  that  there.* 
fore  it  could  not  be  loft}  that  the  fo  much  admire^ 
cement/ which  is  to  ben^etwith  in  thofe  anciens 
Roman  aqueduAs^:  and  other  llrudtures^  which  have 
ftood  fo  many  ages^  ought  to  beconfidered  as  monu-i 
minis  of  good  luck,  and  not  proofs  of  fuperipr 
ikill  in' the  compolition.  This  they  endeavour  to 
prove  by  ihewing;  that  it  is  only  upon  very  rare 
oc!cafions^  that  the  ancients  were  able  to  make  lad* 
ii^  ltnidures«  When  many  fortunate  circumftances 
coDcurtedy  the  building' was/  lading;  when  thefe 
vcre  wanting,  it  was  not  more  durable  than  a  mo» 
dem  houfe.  They  fucceeded  only  when  quarries 
of  good  Ume^  free  of  gypfum,  were  found  near  the 
building  lobe  ere(5ted^  when  the  limeftone  wai 
very  hard^  and  would  not  flake  unlefs  it  -  was  well 
burnt  I  when  the  building  was  at  the  public  ex^ 
pence^  and  where  there  was  no  temptation  to  be 
parfimonious  in  the  fuel;  when  thenumberof  work- 
men employed  was  fo  great,  that  the  lime  was  ufid 
atfaft  as  it  could  bemade^  and  when  it  ran  no  rifle 
of  being  fpoiled  before  ufing  by  long  expofure  to 
the  air  i  and  when  the  fand  in  the  neighbourhood  Was 
tifB^,  fliarpj  and  well  fized,  refembling  a  mixture 
of.coarfe  and  fine  fand.    In  fuch  fituations  it  hat 
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becnainmcd,  rhat  it  wa>  not  in  the  pou-erofigm^ 
nincc  to  mike  bad  cement,  and  that  chance  fur- 

nifhrd  all  that  Ikill  could  dcHre. 

Tlic  fafliion  of  ancient  buildings,  it  h»  been 
alTo  faid,  gave  their  cement  many  advantages.  The 
walls  were  of  an  immcnic  thickncfs,  intended  to  be 
fupfwrted  by  their  own  ftrength,  and  not  held  to- 
gcthcr  by  limber  like  modern  buildingt.  This 
great  thicknefs  fecurrd  them  from  drying  too  foft; 
their  great  weight  fccured  them  from  being  ftukcn, 
and  comributcd  to  make  the  cohefion  greater  by 
bringing  the  Jiifcrcni  pieces,  of  which  the  wall  wa» 
compofcd,  into  clofer  conrait.  The  great  thickncii 
of  the  wall  alfo  took  up  mucli  cement,  tad  the 
quantity  was  greater  than  in  modern  buildings,  be- 
caufe  the  walls  confided  of  fmall  ilonet  with  mortai 
run  between  them.  As  the  quantity  of  lime  thus  be- 
came immenfc,  every  method  of  faving  it  was  ofim- 
porrance.  Motives  ofeconomy  Icdrbcmio  ufeaslitUo 
lime  and  as  much  fandas  polTible  ;  this,  and  not  fupC' 
rior  (kill,  led  them  to  ufc  the  very  beft  propor^ 
of  lime  and  fand  in  the  compofirion  of  their  ceir 

From  all  ihcfc  circiimftanc-s.  it  has  been 
eluded  that  accident  gave  fupcriority  to  aiKient  cc* 
nient,  and  put  it  in  the  power  of  any  body  to  make 
it.  Many  other  circumftanccs  might  be  brought 
to  prove  the  fame  thing,  and  that  the  ancients  had 
no  fixed  rules  to  direft  them  in  the  compofilion  of 
cement,  and  that  its  quality  depended  ver>'  much 
on  accident.    It  might  be  faid,  that  all  old  cement 
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is  not  good;  fomeofit  is  bad,  and  crumbles  eafily 
between  the  fingers.  In  the  ruins  of  Herculaneum^ 
dnd  other  ancient  cities,  much  bad  cement  has  been 
found.  All  ancient  buildings  have  hot  laded  equally 
well,  and  we  ought  not  to  afcribe  the  duration  of 
the  few  that  remain  to  fuperior  fkill. 

It  may  be  fard,  that  the  prefervation  of  the  few, 
fias  been  owing  to  accident,  rather  than  fuperior 
(kltl ;    that  many  circumftances  had  confpired  to 
mike  the  cement  good,  or  that  the  building  had 
bwn  taken  great  care  of,  and  the  injuries  of  time 
prevented  or  repaired.     Befidcs,  though  it  be  ad- 
mitted  that  there  was  a  fecret  in  the  compodtion  of 
ancient  cement,  and  that  this  fecret  has  been  loft; 
yet  no  body  has  been  able  to  determine  when  this 
lofs  happened.    The  common  praAice  of  the  ad- 
mirers of  the  ancients,  is  to  allow  it  to  have  beent 
known  in  all  the  ftrudtures  in  which  the  cement  ia 
<low  found  to  be  good,  and  to  deny  that  it  Wat 
known  in  thofe  whofe  cement  is  of  an  inferior  quai 
Iky.      Every  body  allows  it  to  have  been  knowri 
even  in  the  decline  of  the  Roman  empire.     Moft 
pcopfc  alfo  allow  it  to  have  been  knowii  to  the  Sara, 
cens.     In  many  Saracen  or  Gothic  buildings  the 
cement  is  not  inferior  to  that  in  the  beft  Roman 
buildings,  as  is  evident  in  many  old  caftles  and  re- 
ligious houfes  built  fi nee  the  conqueft.    If  we  ad- 
mit that  the  hardnefs  of  the  cement  in  the  one  cafe 
..is  owing  to  (kill  in  miking  it,  we  muft  alfo  admit  it 
in  the  other.    Wc  may,  indeed,  fuppofe  the  fUpe- 
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4wl  move  of  ii  vould  be  neoeSirj  th 
fcBl  cement.  The  gnatcr  qiundty  c 
ifaegmtcr  labour  in  ufing  i^  reem  in  the  apioton  at 
the  arxicnis  to  have  been  compenfaied  bjr  its  hvd- 
iicf<  and  durabiiiiy.  Thit  then  u  one  fuei  princi- 
ple in  ihe  coirpofiiiim  of  ancienc  cemeni.  and  («o- 
babiy  one  caufe  of  itt  fupcri^  qiulity. 

Anotlwr  ditfemicc  b«v;'crn  ancient  and  modem 
cemait,  is  thai  the  tnodem  is  often  made  trtany 
recju  and  even  month-:  befoir  it  is  ufedL  This  in- 
joies  the  cctttC:~]t,  prcvcouirs  ever  acquiring  a  great 
degree  of  imrdncrs,  but  makes  it  bnootber  and  more 
phiAic,  and  fnvcs  time  in  iiiiiig  it  aj:d  moftar. 
This  fccms  [o  be  the  g:ca:  priocip'o,  to  -hich  cvtrjr 
duoginmodirn  buildingi  is  facriiiccd.  li  ancient 
walls,  (Tonfifliag  of  finJl  (iotm  rvn  logetbcr  vith 
mortar,  this  could  not  have  been  ufol  zx  all.  The 
ancients,  as  we  are  informed  by  Vltrnvios,  kaew 
this  method  of  fouring  moriar ;  it  .'.'ls  ufcd  only 
for  the  Opera  Albar^a,  or  in  the  inftde  of  building!  ; 
but  the  proport!o.T  of  lime  is  loo  orcat  in  it  ci^rio 
acquiie  the  hardnefi  of  ancient  cenieoc. 

Both  good  and  ijad  cenienc  arc  w  be  met  with  in 
ancient  buildings,  but  this  is  not  a  proof  that  the  an- 
cients had  no  fixed  principles  in  its  composition. 
It  mif^ht  be  owing  to  fcveral  caufcs.  Good  lime 
and  ftiarp  fand  are  not  every  where  to  be  met  with, 
and  even  when  they  were,  they  might  not  he  ufcd 
in  the  proper  proportion  from  the  cardeflhefi  of 
workmen.     Even  when  none  of  thcfe  caufcs  ope- 
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was  good  only  by  accident.   .It»  onthe  contrary^ 
is  very  .uniform  in  .its  ftjrudhxre^:  and  differs  regular- 
ly  in  its  appearance  from  the  modem.     This  cc»u 
fiant  diflerence  .cannot  be .  owing  to  chance.    It  is^ 
more  probable^  that  this  difference  in  the  cOmpofi«« 
tionji  is*  tl}c  rcftfon  why  the  ancient  cement  is  fupe-e 
rior  t  the  modern.  - 1(  feems  to  be  but  reafonable. 
CO  allow,,  that;  the  ancients  had  difcovered  that  this 
compofition  gave  to .  their  cement  gceater  hardnc($ 
and  durabiU(y> .  And  this  becomes  more  probably 
when  we  find  from  Vitruvius^  that  the  ancients  had 
a<:emcat  like  our3>  which  they  ufed  <3rnly  for  om,ai^ 
menc  or  in  the  infidc  of  .houfes^    This  is  what  they 
called  the  opus  atenatum^  but  it  is  not  fuperior  to 
modern  cements.    The  fpecies.  pf.cement^  which 
they  employed  in  building  thpir  Gaementum^  was 
uniformly  different. from  our  mortar.    It  differs  ia 
Gontalning  lefs.  lime  wi(h  ^  mixture  pf  coarfe  and 
fine  (and«     When /and  Cjonlifting  of  a  proper  aifort«« 
inent  of  coarfe  and  fine(particl^s  could  not,  be  got« 
they  fubftijCut^  <qoarfe  pov^ered  brick  for  ic«  and 
produced  a  very  good  cement :  the  figninum^  ac« 
Cprdii^  jto .  Pliny.     This  ^mixture  of  coarfe  parti- 
cles •^ve.greater  ftrengthand  cohefion  to  the  mor^ 
tar>i  ma(}e  it  more  difficult  to  break  in  any  one  di- 
ij^oQ,.  and  better  calculated  to  refill  the  weather. 
This  contrivance  alfo  enabled  them  to  mix  more  fand 
lyith  li^e  without  injuring;  its  plafticity.    The  mix-^ 
i;uce.  of  coarfe  and  fine  land  is  not  ufed  by  the  mo-« 
d^ga^bccaufeic  woul^bpippfCi^iS^^^    to  managOt 
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to\tn  anothcii  caufe  may  havefpoilcd  the  coni 
it  was  buried  in  lava,  the  heal  of  which  ma;)  lui 
injured  it.         . 

-The  badncf  j  of  materials,  and  careleflhels  -on  fa 
occiQons  in  hiixing  and  ufing  ihcm,  and  ncglcd  rf 
fecHrit^  the'  building  f6r  a:  fufficitnt  time,  fcctn  to' 
be  tbccauTes-why  iir  fo'me  ancient  public  buildings 
thf  t:emcnt  IS  of  a  bad  qualitv.  This  is  no  proof 
of  the  ancieats  having  no  fixed  [Jrindplcs,  and  it  it 
improper  to  Jay  that  thdr  good  cement  was  a  mo- 
tuiment  of  ip;ood  luck,  and  not  furrier  IkttI,  lince 
it  has  been  Ihcwn  that  iheirctmenrdiftcra  uniformly 
from  that  of  the  moderns  in  many  refpeiSs.  Th« 
Mfing  a  fmallcr  proportion  of  lime  cannot  be  fup- 
Itofed  toiiavc  arifcn  folcly  from  motives  of  parfi- 
niooy,  othervife  it  might  have  been  expe<ftcd  in 
public  buildings  that  more  lime  would  have  been 
ufed,  and  the  certient  of  a  wotfe  qiialtiy.  Yet  the 
lame  perfonsuho  a\Tcjt  thai  parfimony  made  them 
urdiltlc  linie,  aUcrt  alfo  that  in  public  building) 
^I'here  there  was  no  temptation  to  economy,  mort 
ft<l  »Ai  ufed,  and  the  fupcriority  of  ihc  cctncnc 
©wing  tO'  the  limr  being  better  burnt. 
-  ,  Vitruvius  alfo  moft  accurately  points  out  the  qua- 
4itiea  as  well  as  tiw  proportion  of  the  ingredients. 
He  obferves  that  the  ("and  fhould  be  fuch  that  it 
makes  a  noifc  when  fquecZed  in  the  hand,  and  that 
it  Oiouid  not  foif  a  clean  cloth  upon  which  it  ia 
thrown,  and  he  recommends  to  mix  coarfc  powdcrtd 
bricks  with  the  cement  when  the  fand  is  of  a  bad 
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^nalitjr.  He  tl(b  difFen  very  much  froin  the  mo*' 
dems  in  preferring  pit  fand.  to  river  fand/  and  lays' 
that  when  none  but  river  fand  can  be  got^  that  It 
fliould  be  mixed  with  one-half  its  weight  of  pow^ 
deregl  bricks.  He  mentions  that  the  hardeft  limew- 
fione  makes  the  beft  Unie  for  building,  and  that  the 
more  fpongy  was  better  for  ornament.  In  a  cfa^er 
de  maceraiione  colds  ad  opera  albaria  et  teBtnria  per^ 
ficienda,  and  in  another  where  he  treats  of  the  opii 
anna/um,  he  mentions  every  thing  that  is  in  cbnwf 
mon  pradice  at  prefent,  fuch  as  keeping  the  plsfler 
fix  month$  before  it  is  ufed^  otherwiTe  it  will  cracky 
mixing  hair  with  it^  ufing  two  or  three  coats  of  the 
arenaium,  or  fand  cement^  covering  all  with  a  coat 
of  the  opus  albarium,  which  was  made  altogether  of 
lime,  making  fcratches  on  each  coat  to  help  the  next 
coat  to  adhere  to  it.  But,  he  adds,  thefe  willonlj^ 
ierve  for  ornament,  not  for  building.  The  modem 
pradticeis  always  to  keep  the  cement  fome timrbefoit 
it  is  ufed,  and  to  this  is  owing  its  inferiority^  The  an* 
cientsknew  this  as  well  as  we,  but  they  confined  it  to 
its  proper  fphere  for  ornament  in  the  infide  of  houfes; 
He  mentions  alfo  when  the  cement  was  intended  to 
be  of  the  ftrongell  kind  in  aqucdu(5b,  that  piie^es 
of  flint  ihould  be  mixed  with  the  cement,  and  that 
none  of  them  (hould  be  above  a  pound  weight.  This 
we  fee  was  pradiied  in  the  aquedudb,  whofd  ce** 
ment  is  now  fo  much  admired.  The  art  of  making 
ancient,  cement  cannot  be  (aid  to  be  loft,  fince  we 
^ve  t))e  pf]9portions  and  nmoiier  of  ufii^  the  cemen( 
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in  Vitmvtus,  and  may  fre  thtfif  clfcA  in  old  bul 
faiga,  in  which,  by  chemical  cxpcfimcnts.  we  mjI 
cover  the  exafl  proportions   he  recommends, 
ihoogli  (he  fccrci  of  anacrtt  cfmcnt  is  not  loft, 
ui  of  makino  is  is  not  pntftifL-d  in  tliis  caar.try 

It  is  dif.iculr  to  Hnd  out  a  reafon  ivtiy  aneii 
cemextt  wai  hid  aMe,  and  or>c  fo  Ttr  inferior  fi/t 
jmed  for  it ;  or  when  this  change  took  place, 
luipa  il  nrb;ht  be  owing  to  flanc  buitdin;]^  crmem 
with  liint  being  much  lefs  comnrton  w  the  time  rhi» 
change  happened  ihaji  at  prefcnr.  Fdrntcrfy  well 
Ctroenrcd  Aone  baiUings  were  either  puMic  ediAc' 
or  the  fcati  of  the  chief  nobiJiry.  They  were 
•nljr  i«i!nidcJ  for  lod^^ing,  but  were  placci  of 
Jencf.  No  expencc  w;rs  fparcd  to  make  fhcm  m 
(Uong  as  pnflibie.  Their  walls  were  thick  and 
mafTy :  they  leqgired  an  age  to  build.  The  xti 
were  ccmcmiiious,  in  the  manner  of  the  anci 
Roman  burldingt,  and  dicir  ccmtfnt  hat  every 
peityofthe  ancient  cement.  But  thocgh  pet 
qt'  higher  rank  were  lodfjed  in  houfcs  whofe  a 
waa  not  inferior  to  the  old  Roman,  the  middling 
lower  ordcr-i  ucrc  lodged  in  very  mean  habitat! 
Their  houfaofftonc  were  not  fo  well  boiJt  M 
watls  ^h.^t  inrlofe  out  ficids,  and  the  wind  arid 
were  impcrfcijtiy  kept  oor  by  a  perifhahle  cei 
of  clay  and  Cind.  The  grearcft  partof  rheir  houfes 
were  o(  turf,  and  a  very  few  of  wood.  While  prtli. 
perty  was  not  fcciirc,  and  when  ihe  comrtioh 
iiad  httlc  liberty,  they  never  thou^fit  o^  am 
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incap^blf  of  affording  more  duri^le  and  cxpeofi^ 
houfev.  The  demand  for  fubftftiuhl  (tone  (bru<3urai 
wa^  fa  fmalt^  that  two  or  thre;e  nufkr^buildecf .  wtito 
fuflkieiu  for  a  whole  kingdotyu  When  libcrfijr  mn 
creafed^  and  pri^rty  wa3  more  £:cure«  richits  tccrt^ 
raulated  among  the  lower  nmk^  ;  they  tto)  bcgai)  t6 
wiifai  for  Ntur  lodgH^g  than  their  miiieraUe  huM 
sifipided.  Th^  building  9  houfe  bepame  ^  imrk 
of  riches  and  fucccfsful  indudry^  andhdped  tQ  tnni* 
mit  the  name  of  the  builder  to  his  poilcrity.  This 
Ipecies  of  property  was  then  better  fuitcd  to  the 
circumftances  of  ordinary  people,  than  property  in 
land,  and  could  he  more  eafily  obtained.  They 
wilhed  for  fomething  more  fubflantial  and  Ie(s  dan- 
gerous than  wood,  and  cheaper  than  the  mafly  and 
difmal  dwellings  of  the  great.     A  fpecies  of  build* 

* 

ing  fuited  to  their  circunn (lances  was  contrived,  and 
the  expence  was  dimini(b.ed  by  ralQng  thinner  walls^ 
and  making  the  mortar  in  great  quantities  at  once^ 
and  of  ;|  fmoother  conflilcnce,  exadlly  like  the  opus 
arenatum  of  the  Romans.  By  this  means  lefs  mor- 
tar (erved^  and  labour  was  favcd.  The  demand  for 
thefe  flighter  buildings  becoming  great,  the  trade 
fell  into  more  hands,  and  inftcad  of  two  or  thre: 
builders  in  a  kirigdom,  half  a  dozen  could  be  met 
with  in  every  town.  Every .  one  ftrove  to  make 
houfes  cheaper  and  {lighter  than  his  neighbour, 
without  injuring  their  appearance,  and  houfes  could 
be  built  of  any  dimenfions,  at  any  price,  and  to  lad 
any  number  of  years  defired.     This  (light  (pecies 
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of  building  became  fo  general,  that  the  anciint 
maffy  walls  built  with  a  great  quantity  of  ftron^ 
cement  were  laid  afide,  and  arc  fo  little  in  rcqueft  at 
prefent  that  very  few  workmen  knew  any  thing 
about  the  manner  of  connmifling  them.  It  is,  in- 
deed, fcarce  polTibIc  to  find  one  who  will  alter  the 
mode  of  building  to  which  he  has  been  bred,  even 
when  a  maffy,  durable,  and  expenfive  public  edifice 
k  to  be  ercdcd. 
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TriE  di*mend  is  the  halrddl:  of  all  minerals,  hi 
rpiecific  gravity  h  nearly  3.  5.  When  brotight  into 
Europe  in  its  rough  ftate^  it  is  either  in  the  form  of 
Touhd  pebbl^s^- or  in  cryfhils  of  an^odohiedral  form. 
Sometifnes  it  is'  met  with  like  hexagonal  prifms  ter- 
minated hf  ei^tfided  pyramids,  or  in  regular  cubi* 
oal  cryflals  with  the  angles  truncated,  or  cut  off. 
IVhcdicr'thefc  differences  be  original  or  adventitious, 
4ias  not  beert  deterrtifned.  Thoft  m  the  form  of 
hexagonal  prifms,  are  commonly  reckoned  tht 
hardeft,  and  iMf  therefore  have  prefeJ'ved  themfcl vcs 
againfl:  accidents  better  than  thofe  that  arc  rounded, 
*i*hich  are  faid  to  be  the  IcafthardilanB  of confcqiience, 
more  liable  to  be  altered'  liy*fri<5ion  upon  other  fub- 
ftflfnces.  The  round  diamonds  ihay  be  Ilippofcd  to 
4uive  uhdei^ne  the  fame  changes  with  many  of 
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J  rock  cryftalfi  tliat  have  been  torn  froin 

'^■'^^^ydiingea  in  the  earth,  and  by  agitatwil: 

'tT  j^^^^nKiJirf  andiubbcd  again  ft  one  anothcrj 

...  jj^tiive  been  reduced  to  a  round  figure, 

jf  ,v  aot  l^ttawn  T/Uctlicr  there  is  any  rock  where  the 

jj^oniis  arc  found,  w  hich  has  the  properties  of  thcfi, 

j^-ioas  ftones,  or,  which  has  ferved  as  a  bafis  « 

pojrix  for  iheir  forroacion,  in  the  fame  manner  at' 

fluartz  is  the   b.im  of  rock  cryftal.    The  accoui 

which  travellers  have  gtrcn  tis  of  Ac  natural  Cm 

lion  of  diamonds  in  Golcondaand  Vifaporc  is,  ih 

they  arc  found   fcparate  at  a  confidcnblc  dif^n 

from  each  other,  but  no  inention  is  made  of  tl 

qualiry  of  the  rock  in  the  neighbourhood  of  til 

diamond  mines.     When  the  minen  nKCt  with  rod 

before  ihey  can  get  to  the  Dratum  ot'  earth  whei 

the  dianu>nds  lie,  it  would  appear  from  their  tnann^ 

of  working,  that  there  is  nothing  rcmiirkable  io  il 

qualities.     The  properties  of  the  diamond  are  lb  (i^ 

gular,  that  had  the  rock  in  the  neighbourhood  p 

leifed  any  of  its  qualities,  a  part  of-  it  would  befa| 

now  have  been  fent  into  Europe,  or  examioftl 

defcribcd  by  the  travellers  who  have  vifited  I 

mines. 

Diamonds  are  found  in  Gc^onda  and  Vifii 
in  the  illand  of  Borneo,  and  lately  in  the  I 
The  continent  of  India,  both  on  this  fide  aod  bcjra 
the  Ganges,   i^  remarkable  for  its   mincA.      1 
diamond  mines  arc  generally  near  rocky  hilU  a 
mountains.    A  chain  of  Utcfc  bc^im  near  '~ 
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Comorin,  extends  in  breadth  near  fifty  miles,  and 
runs  quite  through  Bengal.    In,  anu)ng,  and  near 
thcfe  hills  there  aremany  mines  known ;  but  the  baiL 
lennefs  of  the  country,  the  want  of  water,  the  bad* 
nch  of  the  roads,  and  the  favage  (late  of  the  original 
inhabitants,  who  ftil!  pofiefs  this  part  of  the  country, 
and  who  have  little  commerce  with  their  neighbours, 
together  with  the  tyranny  of  their  petty  princes 
have  prevented  thcfe  mines  from  being  properly 
examined,  fo  that  a  great  part  of  them  is  concealed 
or  wrought  with  great  fcciecy,  left  their  produce 
fiiould  fall  into  the  hands  of  their  rapacious  rulers. 
But  the  kingdoms  of  Golconda  and  Vifapore  have  a 
fufficient  quantity  of  diamond  mines  to  fiimifh  all 
Ae  world  plentifully  with  thefe  gems.    Their  kings 
luwever,  permit  digging  only  in  a  few  parts,  left,^ 
aa  it  is  iaid,  the  diamonds  ihould  become  too  com- 
mon, and  in  confequence  of  this,  diminiih  in  their 
indue. 

-  All  ftonea  above  a  certain  fi^e  are  their  king^ 
fHTOperty,  (6  that  few  of  extraordinary  magnitude 
ait  brought  to  £uxx>pe.  Diamonds  do  not  lie  in 
ahiftersj  they  are  found  in  detached  pieces  at  a 
greater  or  lefs  diftance,  according  to  their  fize* 
Thofe  mines  which  yield  laige  ftones,  frequently 
<ky  nee  contain  above  one  in  a  quarter  of  an  acre ; 
Ibofe  that  yield  fmall  ftones  may  contain  a  great 
mmiber  in  the  fame  fpace.  There  are  about  twenty. 
llbree  diamond  mines  in'  Golconda  and  fifteen  in 
-Vifiipofe.     In  thejfe,  the  diamonds  are  commonly 
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found  in  a  liratum  of  reddifti  ranh,  in  many  plareff, 
not  unlike  the  gravel  pics  in  Britain,  which  Oains  tb« 
miners'  clothes,  and  appears  not  to  diflfer  much  ul 
its  qualities  from  the  red  cla>s,  or  common  iron  ore 
of  this  country.  One  mine  in  Golconda  and  one  in 
ViDpore  have  this  flraCum  of  a  yellowifh  earth,  and 
one  in  Golconda  of  a  blackjfli  earth.  The  depth 
of  thefc  mines  is  common!y  three  or  four  fathoms. 
They  fcldoni  can  dig  deeper  on  account  of  the  vntn, 
■which  they  have  no  method  of  removing.  In  one  of 
the  Golconda  mines,  they  are  obliged  to  dig  through 
rock  five  or  fix  feet  deep  before  they  come  to  the 
flratum  of  earth  in  which  the  diamonds  lie.  Thi* 
mine  is  between  forty  and  fifty  fathom  deep.  TTlcy 
work  through  this  rock  uitli  great  difficulty,  as  thcjr 
fcem  to  be  altogether  unacquainted  with  the  ufe  of 
gunpowder  in  mining.  They,  however,  in  fome  mea- 
J'ure,  fupply  its  place  by  lighting  a  lai^ge  fire  on  that 
part  of  the  rock  through  which  they  intend  to  pa&: 
when  the  heat  has  pcnarated  the  rock  to  a  fuBicient 
ricpt,  tlicy  fplit  it  by  throwing  cold  water  upon  it* 
Xa  one  phce.  the  diamonds  are  found  In  a  fnull 
vein  of  raldifii  earth,  about;  half  an  inch  or  an  inch 
in  breadth,  running  irregularly  through  the  rock. 
Tills  earth,  upon  being  pulled  out,  is  tound  to  con- 
tain diamonds.  In  the  kingdom  of  Bengal,  and  in 
the  ifland  of  Borneo^  diainonds  are  found  mixed  with 
the  fand  of  rivers.  Some  of  the  liratum  of  earth  in 
which  thefe  Hones  lie,  is  waOicd  down  from  the 
jidcs  of  hills  by  tiic  rains,  which  fall  in  great  quao- 
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tity  at  a  particular  fcafon  of  the  year.  Thofe  who 
fcarch  thefe  rivers  for  diamonds^  prefer  the  parts 
"where  the  heavier  kinds  of  earthy  particularly  the 
pyrites  have  been  dcpoilted.  They  begin  their 
Operations  in  the  end  of  January  or  beginning  of 
February,  immediately  after  the  rains  are  over. 

The  earthy  matter  in  which  ^hc  diamonds  are 
founds  covers  them  fo  perfedlly,  that  it  is  with  the 
litmofl  difficulty  that  they  can  be  diftinguifhed  from 
an  indurated  iroii  ore.  It  adheres  fo  flrongly  to 
thein^  upon  many  occafions^.  that  it  canndt  be  got 
ofi;  but  by  grinding  or  rubbing  them  againfl:  one 
another.  From  this^  as  well  as  from  the  foreign 
matter  that  is  frequently  found  in  the  centre  of 
diamonds,  it  would  appear^  that  they  were  once  in 
a  ibft  or  glutinous  ilate,  or  that  it  was  not  till  long 
after  their  firft  formation,  that  they  acquired  that 
hardnefs^  for  which  they  are  fo  much  valued^  In 
tonfequence  of  the  diamond^  when  bedded  in  the 
csuth,  having  fo  little  of  the  luftre  by  which  it  is  fo 
cafily  diflinguifhed  in  its  polifhed  flate,  it  is  ne- 
ceiTary  to  examine  the  earth  in  which  they  lie  with 
the  utmoit  attention.  In  order  to  render  this  as 
cafy  as  pofTible,  the  lighter  earths  and  thofe  parts  that 
approach  in  quality  to  common  mould  are  removed 
by  agitating  the  whole  with  water^  and  pouring  otF 
imm^iately  the  muddy  fluid.  As  the  diamond  is 
among  the  heavieft  of  the  earthy  fubflances^  there  is 
little  danger  of  its  being  carried  off  in  this  manner. 
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llwre  parts  which  arc  not  canicd  off  [7  the  water, 
IPC  dried  in  the  fun,  and  carried  to  a  fquarc  place 
inclolol  by  a  high  wall,  and  carefully  examined. 
Ever)'  thing  that  has  the  fnialicd  rcfcmblance  to  the 
diamond,  is  rubbed  againft  the  common  kinds  of 
flonc.  ir  it  does  not  djlcovcr  itfclf  to  the  fatisfadion 
of  the  miners  by  this  method,  they  ftrikc  it  with 
violence  agaiiift  a  hard  body,  and  fometimes  with 
chc  iron  inOrumcnt  with  which  they  work.  By 
this  imprudent  method^  many  of  the  fined  diamonds 
have  fuch  cracks  or  flaws  formed  in  themi  that  their 
value  is  greatly  diminiflied. 

The  value  of  the  diamond  is  afcertained  by  wrighcs 
called  carats,  each  of  which  is  divided  into  four 
grains,  and  thefc  grains  again  into  tVai^onal  parts- 
The  fmailcft  diamonds,  in  the  flaie  in  which  they 
are  dug  up,  are  feldom  lefs  than  -f  of  a  carat  or  -f  of  a 
grain.  The  tat^eft  diamond  known,  is  a  rough 
one,  in  the  polTdTion  of  the  Portuguese  crown, 
which  weighs  no  IcTs  than  1680  carats,  or  eleven 
ounces  twenty-eight  grains,  nearly.  There  art 
fcveral  other  diam<Mids  of  extraordinary  fizc  in 
Europe,  but  not  at  all  approaching  to  thi^  Rough 
diamonds  are  valued  at  2I.  for  the  fird  carat,  by  the 
bed:  authors,  and  afierMards  their  value  is  computed 
by  multiplying  the  ftjuare  of  the  number,  exprtflSi^ 
their  weight  in  carats  by  2,  and  the  produA  if-ltK  I 
value  In  pounds  fteriing.  But  this  price  is  obvioedjF  1 
too  high  for  large  diamonds,  for  which  no  purdtffen  [ 
would  ever  be  found  at  thcfe  extravagant  races.  The  [ 
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luftrc^  the  trstnfparency,  and  the  figure  of  the  dia** 
mofx)  alfo  affcd  its  value  very.  much. 

The  diamond,  as  it  comes  out  of  the  mine^  b 
covered  with  a  dark  obfcure  rutt,  which  fcarcety 
Ibews  any  thing  of  the  brilliancy  for  which  the  ftone 
ss  valued.     In  this  ftate  the  beft  connoifeurs  cannot 
judge  of  their  value.  The  cruft  cannot  be  removed  by 
nibbing  with  the  hardeft  fubftances.     No  other 
method  will  anfwer  but  rubbing  one  diamond  againft 
another.      The  fmall  particles  that  are  thus  torn 
•AT  are  carefully  cdleded,  and  ufed  for  the  cuttii^ 
and  poli(hing  of  other  dianrKmds,   as  well  as  for 
cutting  all  other  ftones.     When  the  external  crufl^ 
which  appears  to  be  in  a  different  ftate  from  the 
internal  parts^  is  removed^  the  quality  of  the  ftone 
can  be  determined.  Many  that  before  this  appeared 
to  be  good^  are  found  to  be  full  of  craclcs  or  flaws, 
which  cither  were  originally  formed  in  them,  or  had 
been  produced  by  the  rude  treatment  which  thejr 
ffcquently  meet  with  from  the  miners.  By  rennoving 
•the  fuperficial  cruft^  many  imperfections  are  per- 
ceived which  could  not  be  obferved  in  their  rough 
ftate :  fuch  as  black  fpecks^  which  are  frequently 
formed  in  their  centre^  and  which  feem  to  be  of  the 
nature  of  the  dianK>nd^  but  in  a  lefs  perfcdl  ftate ;  and 
ibmctimes  materials  totally  different  from  the  dia- 
'inond  are  furrounded  by  a  cruft  of  that  fubftance. 

The  colour  of  the  diamond  varies  prodigioufly* 
Wc  find  them,  from  being  perfcdly  colourlefs  and 
tranfparent,  of  various  fliades  of  red,  yellow,  greets 
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and  even  black.  Thcfc  colours,  howeii-cr,  arc  netp 
of  a  very  deep  tinge.  Wc  never  m«t  wirh  ihrtn 
of  a  deep  red,  yellow,  or  preen.  They  only  have  a 
faint  tinge  of  ihefc  colours.  The  diamond  that  is 
perfciftly  tranfparent  like  thr  rock  cryftal,  is  nwrc 
■valued  than  any  of  the  reft,  and  next  to  them,  thofe 
that  have  a  faint  green  tinge,  but  quite  tranfparerir, 
arc  preferred,  Thofe  of  a  reddilh  or  hrownifli  colour, 
or  opaque,  arc  the  worft.  It  is  commonly  vciy 
difficult  to  difcover  the  true  tir^c  of  ihij  fjonc, 
cfpecially  if  it  has  been  cut  in  the  brilliant  fafhion, 
that  is,  if  it  has  been  cut  to  a  number  of  points  by 
a  number  of  planes  varioufly  inclined  to  each  other. 
For  it  poiTcnos  Co  great  a  rcfraiflive  power,  that  if 
the  rcflcttion  of  rhe  li<,'hr,  which  would  have  pafTcd 
through  it,  be  prevented  by  a  black  foil  placed  be- 
low it,  fo  that  no  light  comes  to  the  eye,  but  what 
is  reflcftcd  from  its  furface,  this  light  pafTing  through 
the  pliincs  varioufly  inclined  to  one  another,  and 
which  alI  as  fo  many  prifins,  is,  by  the  high  dif- 
pcrfing  as  well  as  high  rcfradivc  power  of  the 
diamond,  fepararcd  into  as  many  fpeiftrums  as  there 
arc  planes ;  and  thefe,  if  there  is  the  Icaft^  motion  in 
the  ftone  or  undularion  in  the  light  fo  dazzle  the 
eye,  that  it  is  impoflibV'  to  diftinguifti  the  light 
which  the  diamond  is  difpofed  to  rcfleift  from  that 
which  is  feparatcd  into  the  colours  by  the  diamond 
itfcif  in  confequence  of  its  prifmatic  figure. 

The  diamond  is  of  a  laminated  texture.     Of  this 
the  di»mond.cuucrs  are  extremely  fenfible,  as  ttuf 
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find  it  much  cafier  to  fplit  them  in  one  diredion 
than  in  another.  This  diredlion  they  are  obliged  to 
attend  to  in  the  polifhing.  It  is  eafy  to  polifh  dia- 
monds in  thediredion  of  their  plates  or  fibres  ;  it  is 
'impodible  to  polifh  them  in  a  diredliondifTcrcnt  from 
this.  The  fame  thing  is  evident  from  the  manner 
in  which  diamonds  cut  glafs.  It  is  only  in  the 
diredion  of  their  plates  that  they  do  thi^.  If  the 
diamond  be  drawn  along  the  glafs  contrary  to  this^ 
it  fcratches  the  glafs^  but  does  not  fplit  it« 

It  has  been  imagined,  that  the  diamond  does  not 
Pilfer  in  the  nature  of  the  earth  of  which  it  is  com- 
pofed  from  rock  cryftal :  that  it  owes  its  great  hard- 
nefs  to  the  heat  of  the  climate  in  which  it  is  foui)d, 
.and  to  its  being  removed  from  the  rock  which  ferved 
for  its  bafis.  This  has  been  imagined,  from  its  be- 
ing obfcrvccj  that  rock  cryflals  which  have  never 
-been  adherent  to  the  rock,  but  which  have  been 
-cryftallized  in  their  own  bed  or  matrix,  are  always 
the  cleared,  and  next  to  them,  thofc  which,  by  feme 
unknown  accident  in  nature,  have  been  feparated 
from  their  bafis.  Whereas,  thofe  that  adhere  to  the 
fock  are  alwsiys  impure  and  feldom  good  for  any 
thing.  But  if  the  qualities  of  diamonds  were  dif- 
ferent kom  thofe  of  rock  cryftals  in  confequcnce 
iOnly  of  being  removed  to  a  greater  diilancc  from  the 
matrix  that  ferved  for  their  formation  and  cryflallized 
in  a  warmer  climate,  wc  fliould  furely  meet  with 
fockcrydalsin  |tate3  of  hardnefs  and  hiflxe  iotcjcr 
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mrdiatc  between  them  in  their  ordinary  (oTtA,  and 
the  diamonds  according  to  the  climate  in  which  they 
arc  found.  But  the  rock  crydal  which  is  ibund  oa 
thccoaftof  Biirbary  is  equal!/  Inrcnor  to  thcdiimoad 
in  all  rcfpcds,  that  the  cryllals  in  Lapland  uc 
Others,  with  more  probability,  have  imagined  thX 
all  the  other  commonly  reputed  precious  ftonow 
fuch  as  the  r^by,  the  fapphire,  the  topaz,  and  the 
emerald,  were  diamonds  in  an  imperfeia  ftatc.  Of 
which  failed  in  ht-ing  diamonds  by  the  mixture  af 
fonw  tnctallic  fubilance.  In  confequence  of  this.  IC 
has  bfcn  aflerted,  that  could  wc  feparate  the  colour- 
ing matter  from  thefc  ftones,  they  would  not  be 
dillinguiOicd  from  the  diamond.  On  this  account, 
fomc  of  the  bcft  naturalifts,  even  Cronftadt  himfcl^ 
call  the  ruby  the  adamaa  ruber.  It  differs  but  little 
from  the  diamond  in  hardricfs  and  weight.  Others 
call  ihc  fipphire  the  blue  diamond.  It  is  even  pre- 
tended, that  the  diamond  is  found  in  a  foft  Itate,  as 
if  it  had  not  remained  lottg  enough  in  the  earth,  Gnce 
iu  firit  formation,  to  acquire  the  hardncfs  it  is 
capable  of  acquirtt^.  To  this  Aibftance,  the  Englifh 
jewellers  have  given  the  lume  of  jargoa.  The  na» 
tunl  (hape  of  this  fubftance  is  not  known.  It  is 
faid  that  it  is  found  in  the  £all  Indies,  in  the  fonn 
of  pebbles  I  that  it  is  there  fplit  into  pieces  and  fenc 
into  Europe  t  that  it  is  of  diffisrent  colours,  white, 
light  ydlov,  and  brown.  According  to  foroe  iapi- 
dvk^  it  comes  ocarcfi  to  the  ^jphire  in  hgidndi. 
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As  theic  fiones  refemble  ibme  dxamcrnds  in  cdour^ 
they  are  calkd  foft  diamonds ;  and  it  is  faid^  that 
many  have  been  impofed  upon^  and  purchafed  thent 
for  true  diamonds.  They^  however^  have  none  of 
that  luftie  which  depends  on  the  high  refradUve 
power  of  the  diamond^  and  rcfemble  more  the 
topaz  in  Ak  refpeft. 

The  colourii^  principle  of  many  of  the  precious 
&oncB,  and  the  colour  of  the  diamond  on  fame  oc* 
cafions,  has  been  comnM>nly  believed  to  be  metaiiic : 
but  this  is  far  from  being  univerfaUy  the  cafe*     We 
know  indeed,  dtiat  giafs  by  the  proper  mixture  of 
metallic  calces,  may  be  made  to  imitate  the  colour 
of  all  of  them  pretty  exa&Iy.    But,  it  is  at  the  fame 
time  well  known,  that  the  colour  of  the  artificial 
ftones  is,  for  the  moft  part,  of  a  much  more  fixed 
kind  than  that  of  the  native  gems,  and  that  they 
iuftain  a  degree  of  heat  without   injury,    which 
Oitirely  diflipates  the  colouring  principle  of  moft  of 
the  gems.   The  ruby,  however,  which  approaches  fc^ 
Dcariy  to  the  diamond  in  hardnefs  and  fpecific  gnu 
vity,  and  which  agrees  exadly  in  its  figure^  cannot 
bi  deprived  entirely  of  its  colour  in  the  moft  violent 
degrees  of  heat.     While  the  fiipphire  and  the  other 
coknued  precioqs  ftooes  ]ofc  their  cploun  in  a  veiy 
gentle  faea|;. 

ReafiMiing  from  analogy,  joined  to  an  univer&l 
^ifpofition  ifl  mankind  to  appear  more  wife  than 
tbcy  really  are,  h^  gi^itly  reuided  the  progreff 
Vf  natuiml  knowlcdl^.    it  is  in  this  way,  that  fome 
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jind  fome  of  the  principles  themfelves  are  capable 
of  being  decompofed.  Unlcfs  from  the  general 
eflimation  in  which  the  diamond  is  held,  it  is  dif- 
ficult to  find  why  it  was  imagined  to '  be  the  pure 
elementary  earth. 

I  think  it  can  be  dcmonftrated,  as  well  as  any 
thing  can  be  demonftrated  by  experiment,  that  it 
is  far  from  being  a  pure  earthy  body.  It  is  ob- 
ferved  of  the  diamond,  that  it  acquires  the  property 
of  (hining  in  the  dark,  in  confequence  of  its  being 
expofed  to  the  fun's  rays.  This  property  moft  of 
them  poflcfs,  though  it  is  obferved  by  Dq  Fay,  thaf 
one  very  fine  diamond  had  not  this  property  in  the 
leaft  degree.  The  light  which  the  diamond  emits 
is  very  faint  and  of  (hort  duration :  it  cannot  be 
perceived  unlcfs  the  perfon  who  is  obferving  it  ha^ 
remained  in  a  dark  room,  till  the  pupil  is  dilated  at 
inuch  as  poffible.  This  property  of  the  diamond,  as 
well  as  its  attradling  light  bodies^  is  generally  believed 
to  be  of  the  eledrical  kind.  It  has  been  long  known^ 
that  the  diamond  is  incapable  of  fufion.  It  has  been 
cxpofed  to  the  moft  violent  degrees  of  heat  in  fur,, 
naces,  and  by  the  Grand  Duke  of  Tufcany  to  the  focus 
of  Tfchimhaufen -s  fpeculum,  both  by  itfelf  and  in 
mixture  with  alkaline  fairs,  flints,  metallic  fub- 
(lances,  and  afhes.  It  was  conftancly  found,  that 
whatever  other  alterations  it  might  undergo,  it  never 
fliewed  the  fmalleft  difpofiti(>n  to  fufion  ;  and  what 
w*s  more  remarkable,  it  was  always  more  altered  in 
|ts  qualities  when  expofed  alone  than  when  mixe4 
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with  other  fubftanccs.  The  ruby  expofcd  to  the  focui 
of  the  fame  mirror  for  forty-five  minuws,  became 
in  a  little  time  fhinjr^,  as  if  it  had  been  rub 
with  mcttcd  grcafc :  air  bubbles  formed  upon  ' 
furface;  it  loft  confiderable  part  of  its  colours  hi' 
angles  became  blunt ;  and  it  acquired  fuch  a  d^ree 
of  fofinefs,  that  it  received  the  impreflion  of  a  ieal, 
and  was  eafily  cut  or  indented  with  a  knife.  Iti  ihefe 
experiments,  however,  as  well  as  in  thofe  made  by 
order  of  the  Emperor  Francis  the  Firft,  in  violeiu 
heats  raifed  by  means  of  fuel,  it  vas  found,  chat  of 
all  the  precious  ftoncs,  the  diamond  was  moll  affeded 
by  the  heat.  Jf  they  were  coloured,  when  expolcd 
to  the  focus  of  the  fpcculum,  they  foon  became 
coiourlcfs.  loft  their  brilliancy,  and  became  opaque; 
air  bubbles  formed  on  their  furfacc,  and  they  loft 
confiderable  part  of  their  weight,  and  at  taft  were 
entirely  difTipated.  While  the  ruby  in  the  fame 
degree  of  heat  loft  nothing  of  its  weight,  nor  changed 
the  leaft  in  its  qualities,  the  fapphirc,  though  it 
loft  all  or  the  grcatcft  part  of  its  colour,  loll  none  of 
its  weight ;  and  the  emerald,  though  it  melted, 
little  of  its  colour,  and  none  of  its  weight, 
would  have  imagined  that  fome  attention  woiiU 
have  been  paid  to  ihcfe  experiments,  in  the  arrai^e- 
xnent  of  the  precious  ftoncs,  as  iliey  clearly  prove 
that  [hey  differ  confidcrably  from  one  another, 
none  fccms  ever  to  have  been  paid  to  them,  till  C 
(n  luiry  into  the  nature  of  the  precious  ftones  i 
(ately  revived  by  fome  of  the  French  chemifts.    The 
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Chevsdiei:  D^Arccc  was  the  firft  who  repeated  the 
experiments  of  Francis  the  Firft,  in  a  furnace  for 
bakii^g  poicdaine,  and  he  found  that  the  diamond 
tcally  evaporated.    He  obierved,  that  this  happened 
in  a  very  moderate  heat ;  diat  there  was  no  occafion, 
in  order  to  difcover  this,  to  ezpofe  it  to  the  focus  of 
mirrors  or  len&s,  nor  even  to  fuch  violent  degreea 
of  heat  as  were  railed  in  the  furnaces  of  Francis  die 
Firft :  that  dl  that  was  neceflarjr  for  this  purpose, 
to  heat  them  red  hot.    He  latisfied  him&lf 
by  cxpofing  them  firft  to  heat  in  open  veflels,  and  he 
afterwards  varied   the  experiment  by  furroundii^ 
the  diamond  with  porcehine  pafte,  and  doiing  all 
the  openings  with  the  fame  pafte  diluted  with  water. 
The  porcelaine  halls  including  the  diamond  were 
•put  into  the  porcelaine  furnace,  and  expofed  to  the 
degree  of  heat  necef&ry  to  bake  the  porcelaine.    In 
fome  of  the  balls  the  diamonds  remained  unaltered^ 
In  others,  they  had  loft  more  than  half  their  weight; 
in  others,  they  were  entirely  diflipated,  without  the 
finalleft  mark  or  flaw  being  perceived  in  the  por- 
celaine cruft.    Thefe  differences,  M.  D'Arcet  was 
difpofed  to  account  for,  from  the  diiierent  nature  of 
she  diamonds  made  ufe  of  in  the  experiments ;  to 
ibme  of  them  being  Brazil  diamonds  and  other  Eaft 
Indian  ones.     From  thefe  experiments,  it  was  c<m» 
eluded,  that  the  diamond  might  be  diftilied,  and  by 
this  means,  a  number  of  fmall  diamonds  put  into  a 
retort  and  diftilied,  might  be  united  fo  as  to  produce 
a  Urge  one.    Lapidaries  and  ijewclkrs  tnfift^  that 
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dianiondi  nuf  be  rxpolcd  in  clofe  vefTcU  lo  bcilE 
without  lofing  inj  thing  of  tbdr  weight.  Wfaoi 
they  meet  with  browa  or  blackiih  lliaInoad^  tbef 
jrequently  alter  their  colour,  and  render  them  pilcr 
by  cipofing  them  to  a  conGdcnbte  degree  of  beat. 
By  thcfe  means  they  dtminilh  their  impcrfedlom 
and  incrrafc  their  value.  Macquer  and  fome  otbcr 
chymifb  have  repeated  thcfe  experiments  of  D'Ai 
ca  the  diamorvd  :  the)'  all  ^rce,  ttut  in  vcSels 
arc  peTfcclly  clofc,  nothing  diflib  from  the  diamond, 
nor  arc  Hi  qualities  altered  in  this  CtuacJon  in  the 
leafl.  it  has  been  put  into  an  earthen  reton  with 
a  receiver  luted  ro  it,  and  cxpofcd  to  the  mod  violent 
degrees  df  heat  that  can  be  ntifed  by  means  of  fuel, 
without  xlicr^ition.  It  has  been  furrounded  with 
charcoal  duft  and  cxpofed  in  a  covered  crucible  to 
the  moft  intcnfc  heat  without  lofing  cither  its  pdifh 
or  ils  tranrparency,  without  lofing  any  thing  of  iti 
weight  or  producing  the  leaft  alteration  in  the  char- 
coal in  coniitift  with  it,  or  Oretring  the  leail  appear- 
ance of  fufion.  When  cxpofed  to  heat  in  contai9 
with  chalk  and  calcined  hartniorn,  it  lofes  a  little 
its  weight  ami  fumctimc*  its  tranfparcncy,  fo  as  tO' 
rcfcmblc  a  rough  diamond.  The  refult  of  thcfc' 
experiments  is  diflcrcnt  from  thofcof  D'Arcet,  the 
^aufe  of  which  is,  that  in  his  experiments,  the 
diamond  was  pur  into  porcclaine  paftc,  which  re- 
,  quires  a  ^rcat  heat  to  bake  it  into  china.  For  a  long 
-time  it  is  in  a  f{>ongy  ftate;  during  this  tiirtc  the-* 
:  external  air  might  come  in  contact  with  the  diamond, , 
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afld  contribute  to  its  diflipation  long  before  the  heat 
had  become  fo  great  as  to  render  the  porcelaine  cruft 
perfedly  firm  and  folid*  i 

I  made  an  experiment  lately  on  the  efTed  of  heaS 
on  the  diamond.  The  degree  of  heat  to  which  ic 
"was  expofed  was  about  as  great  as  is  necelTary  ta 
cupel  filver.  The  diamond  was  put  into  a  cupel 
jR  an  aflay  furnace.  It  was  about  -^^  of  an  incb 
long,  and  ^  of  an  inch  broad.  It  had  remained  but 
a  fhort  time  in  this  fituation,  when  a  part  in  the 
middle  of  the  diamond  became  apparently  more 
prominent  than  the  reft.  The  diamond  was  mam-* 
feflly  more  luminous  than  the  cupel  or  mufile  that 
contaihed  it,  and  a  gentle  undulating  phofphorine 
flame  was  perceived  on  it,  which  was  greater  lyheii 
a  greater  quantity  of  air  was  admitted  into  the  muffle* 
After  an  hour's  expofure  in  this  nianner,  it  was 
taken  out  and  examined.  It  was  reduced  to  about 
one  half  of  its  former  fize>  had  become  white,  and 
lofl:  its  tranfparency,  and  feemed  as  if  the  plates  of 
which  it  is  compofed,  had  been  feparated  from  each 
other  and  refembled  a  rough  diamonds  It  was 
returned  to  the  fire,  and  kept  above  three  hours 
Jonger  in  a  lefs  heat,  during  which,  it  gradually 
diminiihed  in  fize,  till  it  was  not  above  the  fize  of 
the  head  of  the  fmalleft  pin.  Probably,  had  the 
heat  been  a  little  greater,  or  continued  fome  titnf 
longer,  it  might  have  been  entirely,  diflipated,  A 
fuby  nearly  of'the  fize  of  the  diamond  was  expofed 
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along  wiih  ii,  but  wa^  not  alKrecJ  in  ihe  lead.  Mr. 
Macqurr  and   M.   Mctouard  agree  in  having  per- 

ceivcd,  that  h  manifcftly  emitted  Rame  wfacn  m- 
pofcd  to  heat  in  (he  open  air  and  diffipated  entird)'. 
The  French  chcmifls  expofcd  a  great  varictj  of  other 
precious  ftoncs  in  the  fame  circumftancw  with  the 
diamond.  Thcfc  fomctimcs  loft  their  colour,  became 
foft,  or  even  melted,  but  none  of  rhem  loft  any 
thing  of  their  weight.  Thcfc  experiments  point  out 
a  manifcft  dificrencc  between  the  diamond  and  the 
wther  earthy  fubflances,  and  fhew  that  it  refemble* 
the  inHammablc  or  mcutltc  bodies  more  than  the 
earths. 

The  diamond  ia  inflammable:  it  burns  in  the 
©pen  air,  without  leaving  any  afhca,  or  emitting  any 
fiiiokc  that  can  be  perceived.  It  frcms  to  be  anKJng 
the  puretl  of  the  inflammable  fubflances.  Wi( 
Ihcfc  it  agrees  in  its  great  rcfraifUvc  power,  and' 
fullering  no  alteration  by  being  cxpofcd  to  ht 
provided  the  air  be  excluded.  It  is  not  a  volatite 
body,  but  is  diHipatcd  merely  in  confequence  of  iu 
inflammation,  in  the  fame  manner  ascharcoal,  and; 
more  fixed  inflammables  are.  It  is  diffictilt  wil 
more  experiments  to  fay  to  uhat  clafs  of  the  infli 
reables  it  belongs,  or  whether  it  be  a  mean  betwixt 
earth  and  them.  It  rcfcmbles  the  earths  in  hardi 
but  it  differs  from  them  in  producing  flame  by 
and  diffipating  as  it  burns,;  while  the  flame  n 
it   produces    is  finall.  briiliani,    weaker  ihan  ihM 
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emitted  by  tny  inflamrntible  ivhcn  bunHng>  And  n% 
fembling  more  the  luminous  appearance  of  the  phoU^ 
phorus  in  the  ordinary  heat  of  the  air,  or  the.  light 
emitted  by  tin  or  bifinuth  when  heated  a  little  above 
tbelr  melting  point* 


NOTE  BY  Tim  EDITOR^ 


.   To  ttie  information  tonXahied  ia  tUs  Account  of  the  fmtilral. 
and  chemical  pro|)ertles  of  the  diamobd   the  cxperiinenta  uidL 
ii^fervations  of  thircy  fucc^eding  years  hive  made  a  few  addi-^ 
tioDs,  which  are  alttogeXher  corroborative  of  the  opinion  of  th6 
bature  of  that  curious  tnineral,  delivered  in  the  latter  part  of  this 
4fcflay.     It  is  how   clearly  afcertained,  that  the  diamond  is  of  a 
carbonaceous  nature.  Lavoifier,  by  means  of  a  large  burning  tens, 
confumei}  four  grains  and  a  half  of  a  diamond  tindef  a  rccefver 
containing  6o  cubic  inches  of  air.     During  the  procefs,  the  Bir 
fuflfered  a  diminurfon  of  nearly  ]>,  and  the  remainder  precipitatel 
tlie  lime  from  lime  water;  that  is  to  fay,  carbonic  acid  was  formed 
i>y  the  union  of  the  diamond  and  oXygeb  ^as.     But  cliafcoai 
Tbrms  the  very  fam6  pfodud  with  oxygeuoui  gas,  and   iheriefore 
the  diamond  and  charcoal  aredth^r  the  fame  fablUnce^  of  con- 
tain the  fame  fubftaAce.     It  is  afceitained,  boweveri  that  dia^ 
moDd  yields  during  combuftion  a  lafger  quantity  of  carbonic 
acid  than  charcoal.    From  which  it  has  been  concluded  that 
diamond  is  pure  carbonaceous  matter,  and  that  charcoal  is  Hs 
oxyde.    This  is  in  all  probability  Juft,  but  ftill  not  perfectly  de* 
nonftrated.    It  is  cleat  that  diamond  contains  more  6af boh  fhitli 
diarcoal,  but  it  Is  difficult  to  fee  any  fatisia^ry  evidence  that 
thart gai  is  oxyd*  of  4lftinoDd.    At  IcaA  it  is  known  thdt  thatcoiA 
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diM.  If!  tiuutv  in^niK^n  tt  it  coloumi  hy  «  tul«tiU  taatt 
dune  an  frcquoiily  black  Tpccii  contqiflcd  in  ibe  fuW^'Ui 
A*  4ifiniunJ  ',  oiul  Uip  uivtCiiit  of  tk«  crylM  is  uW^t  e 
iU  iiuural  iHln  by  a  coal  uf  emruiiu  hirilnafs  <U>i  no  tul 
prub»bly  ul  lilt;  iiuiurc  of  Uir  iliftiioiul  itColf.  Wl-  h«>t  Bow  »  ^ 
irliicli  ISA)'  puTibly  lv«'<  M  to  tlic  ttetcrniiiistHiu  of  ii*  tvi 
(litfu  diK'ctcfli  tircijiiUlunct*. 

TttrcRlour  uf  ilUuiuDil)  U of  vitrioui  tiii(GS ;  iu ope  T(;I{te:di  t 
fttit,  Ujefii  liugct  lrr(jMcn(l)'  agnr,  ii)  volatilily.  Miuij  «f  tlitM,  ' 
^iivu  >'u!  (Uamuiiii  ii  i:>:pui(.'>l  lo  hut  in  ciu(e  vei[(l«,  lUfappm, 
T^ispio|;fi  1}  (lut^s  iiut  ciirrvfiMiul  uiil)  lL«  Cupinjfitivq  via gio^llii 
culeuting|uinci[>!f  i  si  U-afii  the  itviRlt  ufuBlly  fouiHl  lu  gin 
enloiir  «xc  utf  «  tuiiru  fi.%eJ  italuic-  lVfi>ii.'»  the  vvt*'^  <iu  uut 
impun  uuy  cuidUT  till  iWy  ate  uvydn^^^i  '>u<l  ><  >>  difficult  ta 
(RULjjiiit;  buu  iiu  tucytic  (if  any  (liiui  ciuiliJ  c:iill  io  (lie  fubQi&W 
fif  t^c  itiaiuowl,  uiikb  atiiacU  aKyjfcu  wtili  fv  niuch  (;rW^ 
force  (iiaii  4UJ*  ineml.  Tlie  inafi  |ii«itiiiiUe  l'i>urcc  •{  tbia  colmn 
*pjtu«M  tu  |i|p  tu  be  cprLoii.  ll  »  iljlHtiflt  to  ^ticft  how  ihf 
(iJKniuiul  h*i  Ui'ii  furiKL'iJ  by  nuiui-.  Qt  ihrnugh  »'b>M  cliaagt* 
or  (iiu«tiutM  ^  i>if>y  Uaw  {miiI'uiI,  But  ubviftci  ahubccnalwuyi 
dtHniotui,  nr  liuiuaHy  uf(t>  cttr''fn,  it  may  lu  qKiicvKcil  lo  war 
Mm  aliulv  cik)^n  4iiU»4  Willi  [i>nw  uf  lU  luriiclci,  uUkli  tbf 
•jiplicftliuKuf  ealotjc  aii^  otiil'ti  tu  ilyotf  in  ih^  ihitc  ofcurbunc 
C««u«  osyii.  4t  i«  nut  «fify  |i>  (trtw  »t'  tlie  cplour  owl  by  b'-ali 
ibu  Ua  parliaiia  probable  *io  h'b  tMyditiO'i  ni)tl  cunfr^ucully  kit 
vulMtll*).  Til*  (ruih  uf  l^i«  )Q'i>oll|utit  iwi{l)«  ba  tliUFrminerf  by 
F'jf^ng  LjiToiiKc's  «r:|)«itin«Ht  ^uomii  ubijie,  Lut  fubAiiuiia^ 
a  tery  dark  coiwjrvJ  (liamcinil  in  plsoe  of  n  pcr^Bfl  oiw.  llj  ,^ 
4u|uur>r^  iRiUlei  be  Ma1|y  i>e  cuytlu  of  UjuntPtuI,  1«^  < 
af  it)  wiU  ba  proilucej  t>  I'm:  fiuur  qiiitubiy  uf  bale. 

Tht  fpccks  found  in  t\e  \\iH\aaft  uf  duinoud  are  uT  8 
«|ip^ar3nc«.  (  «la  pot  ilonUt  lltal  tbey  tooiue  oxytlcgfilivngail  or 
•kaivoal,  pivofiof  pnflial  iktftimpwlMaHor  J><»iw:(«d  formattuAt 
«*il  dff)OH(Mmeucc  fikir%  W  ihq  c«tii&^n^iiA  of  (iiu  pn^tfablit 
w'Vit  «»4  anuvut  '»tiu'«l  Uiftoiy  of  this  omdcr^,    Tttf  «ru4i 
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€if  the  >o«|^  dnimM   it  ai&>  liMdj  lu  tmri  dot  darboteceoto; 
It  ia  weH  nrortii  exaiirfnitton,  fh^  onrbon  would  prrfivpabe  fuomi / 
tNBted  la  a  portion  of  (he  neighbovrtug  ftratinn^    llie  ibitim- 
noMl  alrfoJy  nade  db  idMmoacb  have  Amwn  thai  ilfl  appeair*- 
iMice  refdmblh^  the  cvA  of  Ib^  rough  dkkdioiid  may  ht  pro^ic^, 
on  tbo  poliflied  minoral  bj  ^xpufing  ii  to  hciaC  in  coalaA  wiill. 

Afttt  the  €otffideTatkm  of  the  fa£la  w>w  Afoovered  rs^aitb. 
ifi§  iba  diamond,  the  a^ind  natarAlly  t<i<iM  iffelf  lotho  pofiTiUiily' 
of  fofHtiag  diariionda  artificially.    }4  cannot  ba  iaid  tbaf  lUa 
AifcoTary,  tf  madOt  Would  ba  of  any  gr«at  ad^atitaf^  to  arfarikiiKf j 
tt  is  ditlicult  to  conceive  to  what  ufe  this  fubAance  cotM  bar 
leaerally '  at>plied|   aad  tboagh  the  inventtoh  df  a  awtbddof 
aiahing  draimonda  migln  poiBbly  prociire  %  fortme  la  tha  iaK 
Vftfitor,,  a  pablicatftoft  of  thd  prdce^l  fv^ld  iaiallibfy  MTen  tka 
%aliio<^  diaaionda.fafiiioiirgiQHtfly  that  the  aiaaufaAuro  MwAA 
Aarae  ba  wortb  atteaipfiii^     If  oar  tbeariea  bt  rq)bt,  howavari 
"  fbtre  ii  ilo  want  of  nuki^riah  from  which  dialmcrftda  am'gbc  hft 
atada.    AH  oitaia  abouails  witl  eharcoal  or  Mt  eombinationi^ 
luid  wbola  naouocaimy  aay  kingdomsy  artf  campoM  of  thalk  aad 
IttnofttMiOf  i»trbicb  diklmoiidi'oii|^t  to  be  caiftaiiiaA  in  aftoaaih* 
iaf  abuodariee.    But  pitntilbl  aa  tfilb  principlr  may  btf,  f beta 
4ppcaT8  alS  pt^fent  ao  filbcly  Mthod  of  obtaififiig  it  piini*    Tbb 
eombtrtatioa  of  tba  oxyJo  of;  dHunond  with  aaeyi^n  itMf  cailticit 
lie  dacaaifafed  by  arty  tbod^gb  mtlirer  daily  cfltdbh  ia  tba  vegetabb 
toonemy,  aar  tiiaiw  iiaaieiife  ((toaAtatiea  of  ohwr^ovl  fat  free 
wHcbipiiiBU*aoottfibufer  A  aatfi^iaUy  ta.theMooonaMataaN  of 
Iba  bmate  laaai     Muffk  Idfo  thou  sra  cbanliAa  aftda '  to  dodam- 
palb  ^karacaJ  itfsH,  to* wbiah  tfle  iirft  doCaotf  oii>'fan  xbuib  ai^Mfa 
with  greater  force  thuaaily  fi9CeaMHag.o*».  Carbow^  af  ilM  fcittain 
fabftances,    attra^s  oxygen    moA  Anmgly.     No  Angle  aflinity 
therefore  can  diifolve  the  union  of  diamond  and  oxygen.    But 
better  hopes  may  be  entertained  of  double  affinities.     In  this  way 
a  fudden  deconipofuion'  oPcirarcoar  couTd  only  produce  fome  very 
fmall  graiu5  of  diamond  in  the  ibna  of  fine  powdec.    To  make  a 
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CTfiU  of  lli«t  fobllance  xonld  r«<iuira  «itl>«r  ■  proceA  ad- 
t-Racing  very  Otniljr,  and  sllowtng  the  parliclM  time  to  Kiranp 
ihcmfelTn  regularly,  or  fome  mcKtii  nf  rcductr^ll^  «boIe  to 
fn&on.  PhofpbonH  and  charco*!,  and  falphar  and  clwfcoal  dif- 
Ijllcd  together,  do  iiot  leave  a  trfidat  hiring  any  rrfinnbUiKE  to 
the  diamond.  Thi«  Teemi  a  coniradiftion  ro  Betikoll«l'*  dodrine 
ibat  a  largt  quantiiv  of  a  ite^kcr  body  «ill  always  parttaUj 
drconpofe  a  union  fupported  by  ilrongcr  affiniiies.  On  the 
whole  the  proceft  of  making  dtanonds  doe*  not  feein  at  pnfeiit 
very  likely  to  be  pat  into  prsrlicc,  and  it  muft  be  confed<>d  that 
the  whole  propofal  heart  a  very  romantic  afpe^,  and  it  apt  to 
remind  one  of  the  timetof  aldiymy. 

Thenaturulhiilory  of  this  curioui  mineral  i>  no  lefi  extraor* 
binary  and  intcrrdin^  ihsn  ihc  account  of  its  chemical  proper- 
tiei.  To  geologilla  it  ought  to  alford  the  moft  important  coirii* 
derations,  and  it  is  much  to  be  nillied  that  fame  welUinlbnned 
ntineralogifl  fhould  view  and  report  the'  ftate  ofthe  Arata  or  roclu 
in  the  vicinity  of  which  it  is  found.  The  nature  of  the  ttratum 
in  which  the  diamond  it&lf  lin  it  is  particularly  drAiabIc  m 
know.  It  appears  thut  the  diamonds  do  not  lie  in  cluliers,  at 
k'aft  that  many  are  not  found  togelber.  They  rather  frem  to  be 
thinly  luwn  over  a  large  furjace.  Il  is  pictiy  clear,  thai  they  hava 
l>eeu  fluid  thcmfclvei,  or  precipitated  bom  a  fluid.  Their  cijt- 
talline  form  fhcwi  this,  ai  well  as  the  cxiraiieous  fnbfiancea 
which  tbey  cicca6onal1y  inveH.  It  is  aluigetbcr  lapoflible  l« 
deciijo  whether  they  have  always  been  in  their  prefeni  itjUt  as  U> 
chemical  properties  or  not.  But  it  (eems  a  more  prabablc  fnp- 
po&tion  that  they  have  l)een  formed  from  common  earbofwoeous 
matter,  during  foma  of  the  revolution*  and  process  wluctt  lian 
taken  place  in  the  great  elaboratory  of  nature. 


ESSAY  Xlll  * 


ON  THE  QUANTITY  OF  MATTER  IN  BODIES. 


1  HAT  the  quantity  of  matter  in  bodies  is  in  propor- 
tion to  their  weight  has  long  been  a  received  opinion. 
The  fubflances^  which  we  are  commonly  acquainted 
withj  are  fo  manifeftly  polTefled  of  weighty  that  it 
never  was  doubted  that  all  'bodies  were  poilefled  of 
it.  Among  thefe  bodies  fome^  though  of  equal  bulk^ 
.  are  heavier  than  others ;  a  circumflance  not  difficult 
to  account  for^  by  the  particles  of  matter  in  the  one 
body  being  more  clofely  prefled  together  than  they 
are  in  the  other^s.  As  all  bodies^  when  raifed  to 
a  fmall  height  above  the  fur&ce  of  the  earthy  upon 
being  deprived  of  fupport^  immediately  fall  towards 
it^  it  was  difficult  to  imagine  any  fubftances  deprived 
of  this  p)X)pert]^ :  and  though  fmoke  and  vapour  rife 
upwards/  inftead o^ falling  downwards^  it  required/ 
l)ut  a  fmall  fharc  df  philofophy  to  fee  that  this 
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depended  upon  ihcfe  bodies  being  lighter,  bulk 
for  bulk,  than  the  air,  which  every  where  fur- 
rounjs  this  globe  ;  and  that  the  tendency  of  fmokc 
and  vapour  upwards,  was  of  the  fame  naturt  with 
the  rifing  of  a  p'ifcc  of  cork  or  wood  to  the  furfacc 
after  it  had  been  prcfTed  to  the  bottoni  of  a  veflcl  coiv- 
uining  water. 

That  the  quantity  of  matter  is  in  proportion  to  the 
wf  ^hc  of  a  bod^,  it  lb  a^eeablo  to  the  cemmon 
fenfc  of  mankind,  that  it  fccms  fcarcc  ever  to  have 
been  called  in  qucftion.  When  natural  philo- 
fophy  firfl:  began  to  be  cultivated  to  advantage,  by 
fad  and  experiment,  inftead  of  fancy  and  hypothefij, 
flrongcr  proofs  of  this  dodnne  were  foon  obtained. 
It  was  found  that  all  bodic;!,  how  rfitFercnt  focvcr  in 
other  refpcifts  they  might  be,  upon  b^ing  let  fall  from 
the  fame  height  in  vclTels  whctc  there  was  no  rc- 
fiftance  from  the  air,  apparently  fell  tlirough  equal 
(paces  in  equal  times ;  and  that  therefore  gravity 
a^fled  upon  all  bodies  in  proportion  to  theirquantity 
of  marrcr,  othcrwife  this  could  never  have  happeacd- 
The  chemirts,  in  the  experiments  by  which  ihey  at- 
tempted to  inveflijjate  the  properties  which  diflin- 
guifli  bodies  from  each  other,  though  th«y  frequent- 
ly found  chat  fomcthing  had  cfcaped  thetn  during 
their  operations,  ajid  which  might  eafity  be  account- 
ed for  from  the  volatility  of  fome  part  of  the  body, 
were  often  furprifcd  to  find,  that  the  weight  of 
the  principles  info  which  the  body  apparently  was 
rcfolved,  infkad  of  being,  tcfs,  was  greater  thau  it 
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before :  and  this  happened  in  (icuations  where  it 
was  diificult  to  underftand  upon  what  this   iacreafe 
of  weight  depended*     This  is  in  no  cafe  more,  re^ 
jEDarkable  than  in  various  experiments  that  have  been 
made  on  noetallic  fubfiances.     Thefe  bodies^  it  is 
well  known^  upon  being  exppfed  to  a  proper  degree 
ctf  heat^  lofealmoilaU  their  diftuiguiihlng  properties ; 
from  a  hard  iblid  fubdance  they^  are  converted  into 
a  heavy  powder^  whicbji  except  in  (peciiic.  gravity^ 
•has  Icarce  any  refemblance  to  the  body  from  which 
it  was  produced.    What  hasi  the  mod  attnuSled  the 
attention  of  the  cbemifts  m  thefe  experiments,  k,  the 
increaie  of  weight,  which  the  metallic  fubftance  aCr 
quires  by  this  procefs ;  an  iocrcalc  which,  though 
different  in  difitrent  metals,  is,  however,  confider^ 
able  in  all  of  them,  that  are  capable  of  being  cal- 
cined.   This  increafe,  on  many  occafions,  is  one* 
tenth,  infome  it  is  oae^igjhth  or  more.  In  this  pre- 
cefs  the  metal  docs'  noc  feem  to  be  acquiring  aay 
thing  £com  the  air.  the  onty  body  with  which  it  is  in 
cootad.    On  the  contrary,  it  feems  rather  la  he 
Joiiiig  fbmething^  as  appear  sprobable  from  the  alter- 
'fltion  in  its  quahtie^  and  the  fmoke  which  conftantly 
mAki  from  it  during  this  procefs;     The  caxifcof  the 
JAGseafed  weight  in  thefe  experiments  has  gcnersdly 
bfi^  fuppofed  to  be  a  quantity  of  igneous  paoticles, 
,|Khicb  adhere  to  the  notat  after  its  calcination.     If 
this,  has  any  meaning  at  all|  it  mull  be,  th^t  a  quan- 
tity of  the  heat  of  the  fire  adheres  to  the  metal,  and 
j^crjcafet  jta  vcigbtr    Bup  whatever  addiuooad:  heat 
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WW  fepanting,  ibat  the  wdghc  'aerated  wfcik  ris 
^nnciiy  of  matter  diminifhed. 

Dr.  BiKk,  upon  confideriflg  diefc  experanentj; 
harankd  an  ctpJanornn,  thst  tmolvc  coitfequcBca 
Khiech  were  liiilc  imagirxod  vhcn  it  wai  firfl  piopof- 
cd.  All  the  chcmifta  Sf^rre  that  there  is  a  priodptc 
comnxm  to  inflnnoable  and  mecalKc  bodies.  Dr, 
Bbck  im^rno)  that  this  principle  is  po&fiad  of  this 
fiflf^iilar  property,  thai  ic  ikk  only  is  not  fufcje^  to 
the  power  of  gratily,  but  is  pofTcfTcd  of  one  dirc^ 
ly  oppofitc  to  tc  1  fo  that  inftead  of  liKrcaiil^  the 
ircighc  of  the  bed)'  to  w  hich  it  is  united,  it  renarki- 
hly  diniinilhrt  it.  As  this  vas  exacUj  contrary  to  the 
ceimnon  khnt  of  tronkind  concemitig  maner,  ih* 
»()par<ni  abfufdiry  of  it  ii-as  attempted  to  br  taJten 
off,  by  endeavotinngto  Hic^v  that  the  idea  did  twt 
involve  an  abfurdiry  ;  that  it  h  cafy  to  concen-e  a 
bcdji  with  ft  repnlftve  power  towards  the  earth,  and 
that  this  is  of  the  fhme  nature  «iih  the  pete  of  t 
magnet  rrpcHinf/  tfa^t  of  another  i  and  char  t 
nhatcvrr  ii  ihc  Cauic  of  gravity,  is  oat  fut^cAll 
it&  own  ciic<^. 

iTtRAmmMc  fublh»iCTs,aecordrng  toihlad 
ihookt  be  bi-avicr  itfiertbtir  iitAainmdtion.  srafll^ 
tbt:  kpifmiim  of  ilHrpriiisiplcoti  nhich{k>«(kf>e»da, 
than  liwy  were  btfl'oie :  thia  ta  proved  by  obfctvD^^ 
that  phoijlhoviis  of  urtnc,  cxaiftly  Coumcrpoiftd  iltA 
balance,  upon  being  let  on  fire,  burm  with  great 
«t(jl<:iice,  the  fcale  on  whith  ic  is  preponderates, 
and  it  j^aiiis  ttear  three  dntchms  and  a  half  in  the 


earth,  and 
oteof  ofl^H 
lar  befi^l^l 
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mince^  oi-ahnoftone  half.    Thofe  perfons  too,  who 
employ  diemfelves  in  baming  fulphur»  in  ondcr  to 
make  the  vitriolic  acid  for  thepuqx)fes  of  bleacfcing 
or  dyeings  obtain^  independent  of  the  ivater  mixed 
with  the  acid^  at  leaft  twenty  ounces  from  evciy 
pound  of  fuIjAur,    diough  a  fulFocating   Vapour 
IS    felt  every  where  in  the  room,    whils  thefiiU 
phur  is  burning.    Some  of  the  metaU,  partidulaiv* 
ly  zinc,  bum  with  as  much  violence  as  any  ioflam^ 
nable  fubftance,  and  with  an  evident  fiinoke;    By 
this  procefs  a  caix  renaains  heavier  by  one-^iixth  tbati 
it  was  bcforCj  which  diflblves  in  acids, '  and :  fonra 
with  them  the  fame  compounds  as  formerly,  with 
00  alteration  in  weight,  and  with  no  efferreiconce. 
AcidS|  therefore,  which  cfferve&e  with  zinc  in  its 
natural  ftate,  fcpoiatefrom  it  the  fame  principle 
which  fire  feparates  $  and  the  feparatbo  of  this  prio* 
{riple  is  the  caufe  of  the  effervefcence,  and  the  caufe 
too  why  the  vapour  which  arifes  during  the  (bluitidn 
is  inflaiTunable.  If  a  piece  of  filver  be  putinco  |U{ua. 
fortis,  contained  in  a  veflel  fo  conftru&ed,  by  means 
of  a  valve^  that  any  thii^  nmy  pafs  out  of  the  veflel 
i;>at  nothing  can  get  into  it,  I  find,  that  as  theiilver 
diiiblves  in  the  aquafortis,  the  fcale  in  which  they 
greprcpondrraceai  though,  during  the  fblutiofi,  .ati 
rUftic  vapour  ctvoBC  out  of  the  vcflbl,  which,  by  its 
fmielU  could  be  perceived  every  where  in  the  rCom 
in  which  the  experiment  was  pecformed.     i^bt 
increafe  of  weight  here  was  not  to  fmall  as  to  be 

jafcribcd  to  any  £iv/lt  in  the  balance;  for  it  ww  above 
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thirty  grains  in  the  ounce  of  filvcr;  and  nothing 
could  have  got  into  the  vcflei  but  uhat  mutt  hato 
pafled  through  the  pores  of  the  glafs. 

When  we  take  the  calces  of  metals,  either  pj 
pared  by  fire,  or  precipitated  from  their  folution  faf' 
acids  by  cauftic  alkalies,  and  expofe  them  to  the 
fun'a  rays,  we  find  that  they  recover  the  properties 
ihey  had  loft,  and  diflblvc  in  acids  with  the  fame 
appearances  as  at  firft.  \\'Tien  we  enclofc  thern  in 
glafs  bubbles  that  are  hermetically  fealed,  we  find 
that  they  become  lighter  than  they  were  before. — 
This  is  related  by  Mr.  Boyle  to  have  happened  in 
many  experiments  made,  with  a  view  which  he  doc« 
not  mention;  but  who  furely  cannot  be  fuppofcd  to 
have  been  mided  by  any  partiality  for  an  opinion 
concerning  the  quantity  of  matter  in  bodies  which 
he  did  not  entertain.  If  the  heat  of  the  fire,  or  the 
air  in  contad  with  the  metal  during  its  calcination, 
be  the  caufe  of  this  increafe  of  weight,  why  docs  a 
IJmilar  increafe  appear  by  folution  in  acids,  or  by 
precipitation  with  alkali,  where  there  is  no  increafe 
of  heat  and  no  air  ?  Or,  if  it  be  part  of  the  acid,  the 
«-ater,  or  the  alkali,  that  is  the  caufc  of  this,  why 
ilionld  the  fame  thing  happen  in  the  fire  where  there 
is  neither  acidj  alkali,  nor  water  near  it  ?  Or  why, 
in  hermetically  fealed  glafs  vefTels,  fliould  the  rays 
of  the  fun  rcftorc  the  metal  to  its  original  -ftate,  and 
diminifli  the  weight  of  the   body?"  The  rays  of 

•  It  can  rcarcely  be  neceflary   to  remark,  that  the  n 
tent  dilcoveriM  in  cbcmiflry  afford  a  fatUfnflory  anftvpt  lo  tl 
([oefticuti  upon  ditftrrviit  frouadt. 
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ight^  or  fomething  equally  fubtle  with  the  rays  of 
ight  only  could  get  at  the  body  in  this  fituation. 
rhat  the  reparation  of  a  principle  from  bodies  in* 
rreafes  their  weighty  and  the  addition  of  it  dimi- 
liflies  it«  and  that  weight  is  not  the  meafure  of  th^ 
[uantity  of  matter  in  bodies^  feems  to  be  ai  weli 
Aablifhed  by  experiment^  as  experiment  is  capa^ 
>le  of  eftabliihing  any  thing.  At  the  fame  time« 
f  weight  be  not  the  meafure  of  the  quantity  of 
natter  in  bodies^  or  what  is  the  fame  thing,  if  gravity 
loes  not  a<ft  upon  bodies  in  proportion  to  their  quan« 
ity  of  matter,  fome  of  the  mod  univerfally,  and  app^ 
rntly  bcft  eftablifhed  properties  of  bodies  can  haye  nq 
bundation  in  nature.  Thefe  coniiderapions.^re  fuc^ 
hat  they  are  fufficient  to  throw  a  doubt  upon  the  !(^le^ 
md  deter  one  from  any  further  proiccution.of  a  fub- 
e&,  where  there  is  no  little  probability  of  fuccefi^ 

As  it  is  not,however,  becaufe  an  opinion  is  received, 
jut  becaufe  it  is  well  founded,  that  it  is  embraced 
If  the  philofopher,  and  as  the  properties  which 
sift  in  nature  will  bear  the  teft  of  experiments, 
lowever  varied,  it  appeared  proper  to  bcftow  a  little 
nore  attention  on  the  fubjed,  and  to  try  by  fome 
properly  direded  experiments,  whether  the  weight 
is  really  increafed,  though  the  quantity  of  matter  is 
liminilhed.  The  firft  confequence  from  this  doc«- 
:rine  would  be,  that  a  metal  in  its  perfeA  ftate, 
md  in  the  form  of  a  calx,  ihould  not  fall  through 
aqual  .fpaces  in  equal  times.  For  the  metal  in  ir^ 
pei&d  Hate  containing   morp  twttpr,   though  ic 
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weighs  't(s  than  the  cafx,  is  Ids  adlcd  uponbyfte 
power  of  gravity,  and  of  conftquencc  fliould  de* 
fcend  with  Ids  velocity  than  the  calx,  the  rcftflaiKt 
of  ihe  air  being  taktn  away  or  made  equal  in  both 
eufcs.  The  velocity  with  which  a  heavy  body  de- 
tEtnds  is  moft  accurately  determined  by  the  motMn 
of  s  pcnduUim.  Sir  Ifaac  Newtoii  ha«  demoiv- 
flTMcd.  in  the  !.ithpropofitionof  the^d  book  of  die 
PrincifMi,  that  in  pcnduJums,  whofeccntrci  ofoftiU 
lation  arc  equally  diftant  from  the  centres  of  fflf- 
penfion,  the  quantity  of  trancr  in  each  penduhm 
is  jn  the  compound  ratio  of  their  weight,  and  ths 
duplicate  ratio  of  the  times  of  their  vibratiom  in  «• 
cuo.  And  as  a  corollary  from  this,  if  the  tiincs  of 
vibration  are  equnl,  the  quantities  of  matcer  in  ike 
pendulum  will  be  as  (heir  weight  t  and  if  the 
weights  are  equal  the  quanlilics  of  matter  wiU  be«» 
the  Iquam  of  the  times  of  their  vibranoRi  or  in- 
wrfely  aa  the  lengths  of"  the  penduluna.  %  exa- 
mining the  cinKt  of  vibration  of  two  pendulums  of 
equal  lengths,  the  one  made  of  a  mctaJ  in  i(i  period 
rtale,  the  other  of  the  fame  treial,  in  the  ftmo  of  a 
calx,  trc  can  dctcrnune  whahcr  gravity  a£tt  opoa 
bodies  in  pmportion  to  their  quatKity  of  matter. 

Sir  16ac  Newtoo,  faenu  to  have  been  die  firft 
that  faited  one  a  method  of  accurately  determimng 
this  point,  and  he  tella  us  in  the  6tb  paopoitioBof 
the  jd  book,  that  with  cjperimenis  mvie  vidi  drit 
view  upon  pcadulums  of  gold,  titver.  k^  f^^ 
comona  DOc.  vood^.antct,   iod  whm,  iavUife 
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^e1ength,iip*eight^figure,and  refiftance  of  the  tf  r,  were 
equals  that  they  all  vibrated  in  equal  ttnies^  and  that 
l>y  thefe  experiments  he  could  have  determined  an 
alteration  in  the  quantity  of  matter  within  one  thou^ 
iandth  part  of  the  i9vhol««     He  does  not«  howem^ 
mention  the  method  he  took  to  determinr  accurately 
the  centre  of  ofcillation  of  thefe  different  pendulums^ 
«rhich  is  by  no  means  an  cafy  matter.    A  vtry  finali 
inaccuracy,  in  this  refpcA^  would  have  produced 
very  great  differences  in  the  wfuk  of  the  eitpcri.. 
'ment««    While  in  thefe  bodies  the  diflference  be. 
tween  the  quantity  of  matter  and  the  proportiofial 
weight  might  be  lefs  perceptible   than    in  foine 
others.    For  thefe  reafons»  it  feemed  proper  to  re- 
peat thefe  experiments  with  all  pollible  attention^ 
«id  that   the   centre    of  ofcillation    might  per- 
plex as  little  as  poffible^  a  pendulum  was  conftruAed, 
that  whatever  its  figure  or  the  diftance  of  the  ball 
from  the  centre  of  fufpenfion  might  be»  its  centre  of 
efeiHation  flill  remained  unaltered^  and  it  ftill  vi^ 
-brated  in  the  fame  time. 

The  principle  4ipon  which  this  pendulum  was 
conftruAed  was  the  fame  with  that  of  the  parallel 
rule.  Two  rods  cf  ftraight  grained  wood  were  fuf- 
pendcd  at  an  equal  height  from  the  ground;  the 
.points  of  fufpenfion  were  at  the  diftance  of  eighteen 
inches.  Each  of  thcf<?  rods,  at  the  lower  end,  had  a 
piece  of  brafs  with  a  flit  in  It  fitted  to  them,  through 
which  an  iron  bar  paffed  and  refted  on  them,  by 

•sneani  of  tw9  wedges  fimilar  to  tfaofe  which  fup» 

*  as 
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port  a  common  balance.  The  rods  were  paraUaT 
to  each  other,  and  of  confequence,  iheir  diftance 
from  each  other  below  was  equaj  to  that  above,  or 
eighteen  inches,  and  this  was  the  length  of  ihc  iron 
bar  betwixt  the  two  wedges,  on  which  it  refted. 
To  the  middle  of  this  bar  was  fixed  a  rod  of  iron, 
perpendicular  to  the  bar,  and  parallel  to  the  rods  (rf 
the  pendulum.  Upon  this  a  ball  fimilar  to  that  of 
a  common  pendulum  was  fixed  :  thi^  was  fix  inches 
in  diameter  and  two  inches  thick  in  the  middle, 
and  could  be  moved  upwards  or  downwards  upoa 
(he  iron  rod.  By  experiment,  this  pendulum  vi- 
brated in  the  fame  times  in  whatever  part  of  the  per- 
pendicular rod  the  ball  was  fixed,  (o  that  the. centre 
of  ofcillation  could  not  be  altered  by  moving  the 
ball  of  this  pendulum,  .is  it  is  in  a  common  one. 
The  ball  of  this  pendulum  was  compofed  of  two 
lenticular  plates  joined  by  ihcir  flat  edge  with  fcrews. 
This  ball  contained  the  fubftance,  of  which  the 
limes  of  vibration  were  to  be  examined,  that  the  re- 
fiflance  of  the  air  might  be  in  every  cafe  the  fame. 
The  pendulum,  thus  conftruiflcd,  was  always  of  the 
fame  length,  whether  its  ball  were  filled  with  the 
fubftance  examined,  or  only  half  full,  and  the  re- 
finance from  the  air  equal  in  all  cafes. 

This  pendulum  I  intended  to  apply  to  a  clock, 
which  was  fo  made,  that  the  power  by  which  it 
maintained  the  vibration  of  the  pendulum  was  not 
fubjefl  to  alteration,  from  any  dificrence  in  ihcj." 
maintaining  power  of  the  clock,  or  confidence  of^ 
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oil.     And  that  no  irregularities  might  happen^  from 
the  cfkA  of  heat  on  the  rods  of  the  pendulum^  1 
propofed^  by  means  of  a  ftove»  to  keep  the  room 
where  the  clock  flood  as  nearly  of  the  fame  tem<* 
perature  as  po(fible.    The  time  kept  by  the  clock 
was  to  be  examined  by  the  tranfit  of  a  Rar,  through 
the  crofs  hairs  of  a  telefcope  fixed  firmly  in  one  po* 
fition.    If  this  clock  went  iafter^  when  its  ball  con- 
tained red  lead,  than  when  it  contained  lead«  then 
gi9vity  does  not  a<%  upon  bodies  in  proportion  to 
their  quantity  of  matter.    And  it  is  evident  by  this 
contrivance^    much  fmaller  difl^erepces  in  this  re- 
fpe6k  might  be  obferved^  than  by  any  experiment^ 
liowever  carefully  made^  with  cotnnton  pendulums; 
I  ocpeded  before  this  timCj^  I  fhould  have  been  able 
to  relate  the  fucceis  of  thefe  experiments.   But  1  was 
diiappointed  in  the  clock.    The  clockmaker, '  who 
got  it  to  make  fome  alterations  toiit  it  for  thefe  ex-i 
periments^  did  not  return  it  in  fufllicient  time.    I 
made  a  few  experiments  with  the  pendulum  alone, 
but  have  not  determined  any  thing  fatisfaAory.    By 
a  number  of  trials^  when  the  ball  contained  four 
pounds  of  lead^  it  vibrated  172  times  in  three  mi- 
nutes meafured  by  a  ftop  watch^  or  574^  times  in  a 
minute.     When  the  ball  contained  four  poiinds  of 
red  lead,  the  difference  of  the  number  of  vibrations 
in  three  minutes  was  not    perceptible.  •  But  in  a 
greater  number  of  vibrations^  perhaps^^  it  might  be 
more  remarkable.  » 

£E  2 
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But  fuppoGag  the  cTpcrancMi  ftioaVl  fncned, 
il  iwgfac  tUil  be  lugcd  «93UBft  gnnty  iftiag  iqna 
)>odies  in  propovtion  to  tbdr  guaiiqraf 
that.  ;bough  all  bodia  ddcaid  duo^ 
fpKcs  \a  equal  Dmcs,  »hc<c  thoc  tt  bd 
^M  u  ao  piooT  at  likcu  quantity  vf  maoa  bang  la 
pfopoftum  to  titar  wbghii  for  tbc  vis  iaenic  of  a 
bodf  mav  alter  ui  tAc  lame  vitnncr  as  (be  gmvi^* 
For  though  the  calx  be  haticr,  aqd  cnaauitt  left 
oiaiicr  than  tbc  metal,  and  Uil*  thnnigh  ei|iiai  tpaca 
in  equal  timci  with  it,  this  majr  be  oving  id  iIk  u 
laertiz  being  iocrcaTcd  in  tbcfamc  pfopomoavitli 
tbc  gnvity.  And  the  fame  principle  vhich  dtvu 
tiillies  the  wetghc,  while  it  refiorcs  the  cals  n 
the  tnetaUic  fonn.  may  diminllh  the  vis  inotic  ex- 
fdly  in  ifac  fame  proportion  ;  fo  that  chegtavilf 
wiU  appear  in  both  cafes  to  be  the  mcafuic  of  die 
quantity  of  muter,  fo  far  as  this  can  be  dexenniMd 
by  the  dc&ent  of  hea%'y  bodies,  and  the  motion  of 
pendulums.  Bui  if  this  be  the  cafe,  inactivity  ii 
not  an  infallible  characleriftic  of  muter,  fincc  thu 
can  be  fuppaled  lo  be  nw3e  greater  or  Icfsat  plealure, 
and  that  of  icfelf  it  has  a  greater  difpofitioii  to  mO' 
t)on  at  one  time  than  it  has  ii  anocber.  This  is  an 
opinion,  vhich  bangs  with  tc  very  fcriaus  confe- 
quencei.  which  are  left  to  thofe  who  know  than, 
or  can  expUin  them  better.  One,  at  Icaft,-  nuy 
be  RKntioned ;  it  fuppofcs  outur  capable  of  fdt 
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It  may  be  attempted  to  reconcile  thcfc  opinions  by 
faying^  that  there  is  a  fluid  in  nature  which  is  fub* 
]t&  to  gravitation,  and  fo  fubtile^  that  it  pervades 
the  pores  of  glafs,  or  even  of  the  denfeft  bodies  i 
tliat  this  fluid  unites  with  metals  dtiring  their  catci* 
nation^  and  with  inflammable  fu1>flances  during 
their  burning,  and  is  the  caufe  of  the  increafcd 
weight  obferved  in  thefe  experiments ;  and  that  the 
lame  fluid  unites  with  the  metal  during  its  folutioti 
in  acids.  But  whatever  degree  of  probability  thefe 
smy  be  of  the  exiftence  of  fuch  a  fluid  from  the 
phenomena  of  light  and  electricity,  yet  the  prodi- 
gious quantity  of  it  that  muft  neceflarily  unite  with 
thetnetal,  in  order  to  produce  this  increafe  of  weight, 
eaiinot  eafily  be  conceived  without  giving  it  fome 
other  properties,  which  would  neceflarity  make  it 
ihew  itfelf  in  a  more  remarkable  way  than  it  does. 
And  as  this  fluid  mud  exceed  even  the  eledricaZ 
fluid  in  fubtilty,  it  ihould  not,  any  more  than  that, 
increafe  the  weight  of  thofe  bodies  on  which  it  is 
accumulated.  Now  the  eleftric  fluid,  by  patfling 
in  confiderable  quantity  througfi  the  cafces  of  cer- 
tain iistals,  reftores  them  to  their  metallic  form, 
ftrid  gives  them  the  power  of  eflervefcing  with  aeidsy 
which  they  had  not  bcffoft  the  fliocfc,  and  ait  fho 
fame  time  diminiflieS  theit  Wc^ht,  aslfettwd  by*X- 
periments  made  on  this  fubjeft  many  yearii  ago. 
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AOI£  BY  TUB  EDITOR. 

1  objpft  of  «Hentioii  at  ihi*  p«tiod  of  ch^ 
o  d«isil  the  CHufe  of  ihe  phrnomEna  cnnfirfncd 
In  llw  cxpUnalioii  ufTordeHl  by  the  auti- 
[  need  only  oWi-rvp,  tlini  the  dirco*uryof 
oxygen  e/H  iiuinediBtcly  ltd  llir  way  lo  |ioir]t  out  the  fource  o( 
■fac  incrvafcii  weight  in  int-ullic  calcvt  (tnd  burnt  budii-s.  Tbti 
i^flay,  notwithftaliiling,  in  my  opiniun  lit  leoft,  flirw)  ihe  pro. 
IS  iifwaTilh  that  difcav«ry,  und  affords  a  good 
view  of  the  hittiTv  of  tli«  trarifuCtJon  prcvirtus  to  the  perii.J  of 
the  prupuliil  of  the  pivfL-nt  thi-ory.  ll  U  irnt  UFctETaiy  to  miike 
any  reinailc  ou  tho  rcHfuningt  oii  the  quiimity  of  niNit«r  iu 
bodies,  which  arc  vijually  Jul)  nuw  as  ihcy  ever  wrre,  but  thm 
■re  allufiuna  to  cNpcriments  porformrd  by  Dr.  Irvine  upon  Iha 
tncreafe  of  wdgtii  of  melullic  bo<lie«  by  fulutlon  in  M>d»,  and 
precipitation  by  cuullic  alkahes,  and  olfo  upon  the  inetcafe  of 
weight  of  the  whole  mali  of  acici  aiid  nteluL  during  folution,  nut- 
wuhltunding  the  ctniliiun  of  copiuu«  vapours.  1  Uiull  now  piv 
eccd  to  giic  a  tl;t^ic)i  ol  fuch  uf  ibefe  ai  I  am  in  jxifllfiioD  of. 


EXPERIMENTS 

On  the  AiUfation  of  n'cigkt  of  the  whole  Mais  of  3iiM\ 
Add,  jchea  melaUic  Hubtliuicet  dUcohe  in  Jxiit, 
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Ib  thcfe  experimenti,  the  metal,  aeiH  and   v 
weighed  with  accuracy,  the  mcial  nus  ilien  iiiiroduced  intu  ih* 
kcid,  and  alter  their  mtilual  aAion  wa»  finilhed,  tbe  proccfsuf 
weighing  uu  repeated,  and  the  lufi  or  gain  lUiinaietl  from 
comparifun  of  the  furo  of  the  weights  of  raelul  «nd  acid 
folution,  and  the  foin  of  ibc  weisbu  after  foluiion. 

1.  Two  drachms  of  clean  iron  tviti:  were  dilToKed  ii 
vitriolic  acid  i  lifter  fohiliun  and  rmiifh  iiof  iapotir»,  two 
were  found  to  b«  loll  of  the  grofs  weight. 
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2.  Two  drachms  of  clean  iron  wire  were  dilTolTed  in  weak 
iminatic  acid,  and  three  grains  and*a  half  were  miffing. 

-  In  both  thefe  experiments,  the  heat  and  emiflion  of  vapours 
were  confiderable.  They  were  both  repeated  with  exadly  tha 
lame  fuccc*fs. 

3.  Two  drachro«  of  mercury  were  diflblved  in  diluted  nitrous 
•cid,  and  there  appeared  an  increafe  of  nearly  a  grain  in  tht 
grofs  weights. 

4.  Two  drachms  of  mercury  put  into  three  drachms  of 
iftfuafortis,  after  their  a^ion  had  ceafed,  appeared  to  have  gained 
iti  tbeir  joint  weights  a  grain  and  nearly  a  half. 

•  5.  Two  drachms  of  cine  were  diflblved  in  two  drachma  of 
vitriolic  acid,  diluted  with  twice  its  weight  of  water,  and  the 
compound  had  gained  nearly  a  grain,  though  the  heat  and 
dnifllion  of  vapour  were  confiderable. 

*  6.  Two  drachms  of  zinc  were  diflblved  in  three  drachml'of 
iCqua  fortis,  diluted  with  twice  its  weight  of  water,  and  a  grajl^ 
of  the  grofs  weights  was  loft. 

7-  Two  drachms  of  bifrouth  were  difTolved  in  half  an  ofunce  oC 
aquafortis ;  there  was  neither  gain  nor  lofs,  the  balance  remaift^ 
fhg  in  the  moft  exa^  equilibrium. 

•  8.  Two  drachms  of  bifniuth  were  difTolved  in  half  an  ounce  of 
aquafortis,  diluted  with -half  ah-t>unce  of  water,  and  two  graini 
appeared  to  have  been  gained.  .♦    . 

*  Experiments  were  like^nfe  made  on  all  the  remaining  common 
ilietallic  fubfiances,  except  gold,'  filvcr,  and  copper. 

'  Several  of  thefe  experiments  were  repeate^J  by  Dr.  Black  with 
Ae  fame  fuccefs.  He  difTolved  half  an  ounce  of  fiiver  in  an 
oiince  of  nitrous  acid  of  the  aquafortis  flrength,  and  he  found  it 
gained  ten  grains.  It  is  not  eafy  to  difTolve  tin  and  atatimony  in 
aqua  regia,  and  iron  in  the  nitrous  acid  fo  (lowly  and  with  the 
emifTion  of  fofew  fumes  as  thefe  experiments  require;  lead4«BB 
Hot  dtlToWe  readily  in  a  weak  nitrous  acid  without  heat. 
t  Though  the  experiments  now  dated  do  not  by  any  means 
ptove  that  the  increafe  of  weight  in  metallic  oxydcs  arifin  iirqm 
iba  xmnovAL  of  •  priaciplt'pf  letily,  ytl  they  feem  Id  bt  very 
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bitnW  ■>  Umt  n-inlti.  tad  U>  Akw  tb«  litt  air  aoA  alhrd 
fjUK  peit  ol  iU  oo^ivufibiM  lg  iIm  diUviag  BalwHli.  TU» 
|o«>,  Mvft  tic  nach  aiaN  roiifidc«»bla  ikfts  tffcanit  fiA  Agkt. 
Vti  mmH  Mtumnt  not  ooly  lo  tki  ni^t  or  iLe  b«  |ni»  |«m4* 
faul  to  Ihr  wri^t  o(  kll  ibe  famei  and  vspoBn  bit  to.  TkU 
pnaci|>l«  »und«d  from  tke  air  of  tlie  ■fnfphrw,  cmn  karjly 
te  ■0]l  alhcr  iban  *»>{•»  gn.  In  ifae  ir«ie»  of  fehuioD  by  vitna 
arid,  tbc  aioie  caniiot  be  fappofed  to  bacooie  dc&ciau,  aad 
itwM  i*  oo  pretcim  br  fnrii  a  fappaJhion,  wbeo  Qtbr  acitb  ara 
•nployed  :  nruhef  doe*  ihtn  appvar  an;  mfim  to  anrilwaa  dba 
tnctcafe  of  wpigbl  to  moifture  aMbrbcd,  fcooa  ihefe  f«bftanc«  do 
aot  appear  in  other  circumnancei  to  be  of  a  tMi^Kfceat  Datitiv, 
or  lo  hava  qd  tmurosl  atiradion  toi  nter.  Tke  abfofpdDB  s[ 
«xygcn  in  ibcfv  cafrsappMr^  to  icrcmblo  Uw  iaftascaa  of  aSoity 
«bich  are  diftinguifh^  by  ibe  appellsuoo  of  pt«dtfpo£ngaSaity  i' 
for  ncilher  tbc  acid  nor  metal  feparaldy  cspo&d  to  the  air  u  io- 
^naficd  in  weight.  Horn  this  may  happeo  is  t*o  »a^ ;  aitber 
(be  acid  onitet  with  tbe  inrlal  in  tl>e  fiaio  of  «bal  Dr.  Tbomfon 
calU  aprolosydc,  and  ibik  compound  greedilf  abfeibi  osj-gco 
«haiever  it  can  mrel  it,  ut  tbe  nitrous  gas  in  ibc  cafe  of  oitroiu- 
add,  and  ibc  hydrogen,  when  oUker  acids  are  etnplojFed,  in  their 
Mfcentfutr,  are  agaiiiaiLracled  by  the  oxygen  of  Uieatmorphere, 
KluJ  nilroua  Mid  or  water  forioad  again.  Eitlier  of  tbela  pr^- 
teiVn  taking  place  woitd  account  for  an  iocreafe  of  the  grob 
weiglili  Dofaitbitanding  tlie  emifliua  of  fume*,  lo  the  cslo  of  ni- 
tn>u>  HciJ  perhaps  it  might  be  determined  to  wbich  of  ibefe  tka 
inctcmc  wfa>  onin£.  For  if  ibc  Bccefs  of  oxygen  weiw  prerenteil 
U  wijuld  be  itifv  to  obfene  «hciher  the  acid  would  difTolvo  ib» 
lame  <|Uii»lily  of  mel^  &s  uhenc^tpofed  to  the  action  of  the  air. 
If  11  did  civaily  the  OJ^ygen  alua>ded  by  the  nitroiu  gas  could 
not  buve  been  the  fource  of  the  iocrcafed  weight.  It  is  not  fa 
«afjt  to  giva  a  tali»niili:  of  the  experimeut  mentioned  in  thi». 
afTay,  where  3  buUie  nai  ufed  provided  with  a  valve  wfaicb 
SMwnivd  UiQ  Bcceft  uf  comtnoD  ait,  and  notuithflanding  this  tbe 
lUightwu  very  cc>titid«rably  '  augnK-nif  d.  If  we  could  icallyt 
foiu:  tbo  vulte-iuUva  aded  its  put  vtitb  awuricy,  «ih1  iIh* 
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no  oxygen  found  its  way,  the  experiment  would  be  one  of 
the  moft  furprifing  and  unaccountable  any  where  related.  But 
one  cannot  proceed  to  Ibrm  theorict  till  fach  a  thing  be  more 
fully  eftablifted. 

I  am  not  exadly  aware  how  far  Ait  fubjed  has  been  inveffi- 
fptted  by  adual  experiment.    But  I  believe  the  acetous  acid  a 
Aippofed  to  derife  afliibnce  fnmi  the  atmoi*pheric  oxygen  in  tkm 
iblutioo  of  copper  and  lead,  as  H  appeals  clearly  from  no  £6ki«» 
'  tion  of  theie  metals  taking  place  when  riuegar  is  boiled  on  theesp 
the  ikeam  preventing  theacoeitof  air.    Soch  a  IblutioBt  hov* 
ever,    immediately  commences   when  the  materials  are  eeU, 
and  die  air  has  free  admifion.    I  do  not  know  whether  iC  is  ex« 
a£Uy  underftood  that  the  air  iniuences  the  common  folutioai 
4Df  metals  in  other  adds  as  the  experiments  above  related  lead  lo 
Aiew.    But  it  certainly  is  not  known  that  the  grofs  weights  of  the 
fttbftances  employed  are  augmented  in  the  manner  acre  ftated. 
l*he  muriatic  acid  alio  refembles  the  acetouSf  in  lefuliQg  to  dif- 
iblve  fome  metals  when  theacceft  of  air  is  prevented* 
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ESSAY  XIV. 
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ON    WATER. 
A.  D.  1771. 


1  HE  curious  experiment  of  Van  Helmont,  fincc 
repeated  with  more  accuracy  by  others,  has  been 
confidered  as  a  proof  that  water  could  not  only  be 
converted  into  earths,  but  into  oils,  refins,  gunis, 
and  faline  fubftances.  This,  however,  mufl:  not  be 
admitted  without  confiderable  limitations.  That 
vegetable  bodies  draw  fcarc'e  any  thing  from  the  foil 
hi  which  they  grow  is  confirmed  by  many  experi- 
ments, and  that  foils  differ  principally  from  each 
other  in  the  readinefs  with  which  they  part  with  or 
retain  water,  and  in  the  eafinefs  or  difficulty  with 
which  the  roots  of  vegetables  pervade  them,  or  arc 
fupported  by  them.  Van  Helmont  planted  a  willow, 
weighing  fifty  pounds,  in  a  pot  of  earth,  which  he 
Jhad  previoufly  dried  and  weighed,  and  covered  with 
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a  lead  cover.  To  that  nothing  could  be  admitted  to  it 
but  water,  which  he  conveyed  through  a  tube  fitted 
on  purpofc  in  the  lead  cover,  and  which  was  at  all 
times  (hut,  except  during  the  watering  of  the  plant. 
At  the  end  of  five  years  he  took  off  the  cover,  and  fc- 
paraicd  the  plant  carefully  from  the  earth.  The  pot, 
with  the  earth,  after  being  well  dried,  had  loft  two 
ounces  of  its  original  weight.  The  plant  weighed 
i69lbs.  30Z.  or  had  gained  119163.  30Z.  This  in- 
creafc  of  weight  he  fuppofes  was  owing  to  the  water 
having  been  converted  inco  all  the  parts  of  which  hts 
icillow  was  compofcd. 

Mr.  Boyle  repeated  Van  Helmont's  experiment! 
he  put  the  feed  ot  a  gourd,  which  does  not  weigh 
above  a  grain,  into  a  pot  of  earth  dried,  and  prcpar- 
,ed  at  in  the  former  experiment.  A  plant  was  pro- 
duced that  weighed  i+lbs. ;  the  earth  had  loft  no- 
thing. This  experiment  feems  to  prove,  in  the 
ftrongeft  manner,  that  none  of  the  foil  in  which  th^- 
vegetables  grew  had  entered  into  its  compoClio 
Many  experiments  of  the  fame  kind  made  by 
Bonnet,  of  Geneva,  fliew,  that  vegetables  will  groiq 
not  only  to  a  great  fize,  but  to  the  utmoft  pcrfc^ 
tion  in  the  pureft  water.  Anemones,  tubcrofa* 
ranunculufcs,  grc*  in  dilHlled  water  to  as  groat 
perfection,  in  the  variety  and  beauty  of  their  colours, 
in  the  elegance  of  their  fliape,  and  finenels  of  their 
flavour,  as  they  did  in-  the  boft  gardens,  or  in  the 
fields  in  which  they  grow  naturally.  Every  body- 
has  fecn  the  nurcllTuSj  the  hyacinth,  and  other  bul- 
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bous  rooted  plants  growing  in  water.  He  even  made 
*vines  vegetate  in  water^  and  found  the  plant  not'onlf 
grow  with  fuch  vigour,  as  to  fend  forth  (hoots  of 
ten  or  fifteen  feet  long  in  a  year,  but  it  produced 
inoft  exeellent  grapes.     The  lemon  and  the  ora:^ 
tree  produced  the  fincft  lemons  and  oranges  :  the  li* 
quorice  and  the  gentian,  placed  in  the  pureft  water, 
M^ere  ftill  found  to  grow  with  vigour,  and   to  have 
ihe  fwect  or  the  bitter  juices  peculiar  to  them.  From 
thefe  experiments  it  appears,  that  water  is  capable  of 
nflTuming  a  variety  of  forms.     The  fanie  pure  water, 
merely  by  pafling  through  the  veflels  of  different  vc* 
getables,  has  been  converted  into  the  four  juice  of 
the  lemons,  the  bitter  of  the  gentian,  the  fwect  of 
the  liquorice,  the  fine  agreeable  flavour  of  the  tube* 
rofc,  and  the  difagreeablc  one  of  the  rue.  Belides  be- 
ing converted  into  the  gummy,  the  refinous,  the  fa- 
line,  or  oily  parts  contained  in  vegetables,  it  has  beeil 
converted   into  wood,  into  bark,  into  leaves,  and 
into  flowen.     No  fubflance  that  we  know  of  is  ca- 
pable of  affuming  fuch  various  forms  and  qualities 
ms  the  water  feems  to  have  done  in  thefe  experiments* 
Though  pure  water  thus  apparently  afTumes  the 
forms  of  gummy,  refinous,    or  of  oily  fubflances, 
we  mufl  not,  with  Van  Helmont,  allow  that   they 
are  entirely  compofcd  of  it.     Experiments  indeed 
(hew  that  they  contain  a  great  proportion  of  water ; 
but  experiments  (hew   likewife   that  they  contain 
fomething  elfe.    And  though  vegetables  feem,  from 
the  experiments  that  have  juft  been  mentioned,  to 
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purewarer  aJone,  fomcthitig  etfe  is  necefTirf  " 
H  "cgetation,    wiihoui  which,    they  either  wiff. 

ite  at  all,  or  if  they  do,  ihcy  no  longer  have 
fterence  in  their  taftc  and  fmell  which  they  nai 
tu  pofTcfs;  but  all  of  them  contain  ihe  fame 

warery  ji>icc  very  iittle  different  in  all  vra;«ables. — 
Everybody  knowsthat  ihegreat  promoters  of  vege- 
tation are  a  proper  degree  of  heat  and  moifture,  and 
a  conllant  admidion  of  frefh  air.  The  feed  of  a 
plant  in  the  bcft  earth,  and  with  plenty  of  water, 
will  nM  grow  in  an  exhaufled  receiver,  whatever  de- 
gree of  heat  it  may  be  expofed  to.  And  Dr.  Hales 
s  ihcwn,  that  air  is  contained  in  all  vegetable  pro. 
'duiflioas,  and  is  conftancly  abforbcd  by  vcffels  den'in- 
ed  for  thatpurpole.  and  is  as  neceflary  for  their  ex- 
ilWnce  iis  air  is  to  man. 

. '  Buc  we  find  chat  vegetables,  though  fanufhed  wick 
fir,  water,  and  heat, .  may  be  placed  in  fituacioat 
iwhere  they  either  fcarce  grow  at  all,  or  grow  very 
weakly^  and  jbcver  arrive  at  any  perfection.  A  ve. 
getabte,  in  .a  dark  box,  conftru£tcd  Co  that  the  air 
may  cafilybe  adniitted  to  it,  grows  flowly,  but  it 
never  containsany  thing  but  a  watery  juice.  Hence, 
the  rays  of  light  are  fomeway  neceflary,  for  the  per- 
feA  growth  of' vegetables,  fince,  when  deprived  of 
this,  they  all  agree  together  in  the  nature  and  quali- 
ties of  the  juice  which  they  contain.  We  no  longer 
.find  them  capable  of  producing  juices  offuch  diflie- 
rent  qualities:  they  no  longer  have  .that  variety  in 
their  colour  and  davoufthat  they  h^d  before     Xbe 
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mod  pungent  vegetables  gro^v  idfipkl ;  the  highcft 
flavoured  inodorous^  and  the  moft  variegated  ihcheic 
colours  are  of  an  uniform  white  when  excluded  from 
the  light.  Vegetable^  which  grow  in  a  natural  &*• 
tuation  readily  burn  when  dry.  A  vegetable  bred  m 
a  dark  box  contains  nothing  inflamnnable :  that 
fomething  is  attraded  from  the  light  Teems  therefore 
probable. 

This  is  not  peculiar  to  them :  fome  other  fub» 
fiances,  particularly  foiutions  of  metallic  bodies  ia 
acids»  upon  being  expofed>to  light,  attrad  fomething 
from  it.  I  find  a  quantity  of  copper,  put  into  the 
muriatic  acid  in  a  dark  place,  remains  perfedly  co« 
lourlels,  though  kept  for  a  year  in  that  fttuation : 
iipon  being  cxpofed  to  ligh£  in  a  glafs  bubble,  her« 
meticaily  fcaled,  it  iirll  became  yellowifli,  then  of  a 
dark  brown ;  in  a  day  or  two  of  a  beautiful  green  i 
while  thoreft  of  the  folucion,  kept  in  the  dark,  is 
dill  as  colourlefs  as  water,  r  This  change  cannot  be 
accounted  for  from  the  air,  for  the  bubble  was  ex« 
haufted  of  air :  it  mud  have  proceeded  from  the  ab^ 
forption  of  fome  very  fubtile  matter  which  eafilf 
pervades  the  glafs.  This  principle,  which  vegetables 
attnuft  from  the  ligbt,mixed  with  the  air  they  abforb^ 
and  united  with  the  water  which  they  draw  from  the 
foil,  is  probably  the  caufe  of  the  difference  betwixt 
the  juices  of  vegetables  and  pure  water ;  and  the  dif- 
ferences between  the  juices  of  vegetables  may  arifc 
from  the  mixture  of  thefefubdances  with  each  other 
in  different,  proportions* 
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Wh«hcr  the  air  which  v^rtable*  abforb  u  the 
common  air  which  *c  breathe,  or  air  which  hai  pn- 
dergonc  fome  change  by  contributing  to  the  inflam- 
mation of  combudible  bodies,  and  the  refpiratton  of 
animals,  has  not  been  determined  by  experiment.—- 
An  immcnfe  quantity  of  the  common  air  is  ever^ 
day  altering  its  qualities,  and,  by  contributing  to  in- 
flammation and  refpiration,  becomes  atlaft  unfit  foe 
thde,  and  cxtinguiflies  Bamc  and  fufTocates  antmats. 
In  a  little  time  the  whole  air  would  be  thus  changed, 
were  it  not  reflored  to  its  original  flatc  by  fome  con- 
flant  natural  procefs.  ]  imagine  the  vegetable  king- 
dom performs  this  operation,  though  I  know  no  ex- 
periment to  prove  it,  nor  is  it  eafy  to  contrive  one 
that  would  be  conciufivc.  We  have  thus,  by  exa- 
mining in  a  flight  manner  the  procefs  of  vc^ecationi 
found  that  the  opinion,  of  all  the  juicte  in  vegetables 
being  pure  water,  is  without  fufficient  foundation, 
(hough  water  is  the  principal  ingredient. 

The  waters  of  fome  fprings  are  remarftable  forde- 
pofiting  great  quantities  of  earth  on  the  bodies  which 
chcy  touch,  and  by  which  they  are,  in  time,  conven- 
ed into  (lone.  Thefe  petrifying  waters  have  always 
been  regarded  as  curiofities :  hut  the  earth  which 
they  depofit  is  not  owing  to  the  M-aier  being  con- 
verted into  earth,  but  to  a  quantity  of  earth  which 
they  contain  in  a  dilTolved  ftatc.  Thefe  petrifpng 
waters  are  not  pure,  but  leave  the  earth  which  tbcr 
contain  behind  them  upon  being  diflilled.  The 
water  that  has  ttic  property  of  conveniiig  the  fob- 


ftancct  on  which  tc  fjlli  inco  (tohc.  or  which  by  con- 
ftanily  dropping  from  the  lops  of  caveras,  fonm  a 
number  of  pitUn  or  (lali<ftitcs,  like  icicles  from  a 
houfe  In  frofly  w««(hcr,  differ  from  one  another  in 
(he  quamrry  of  earth  which  ther  contain.  The 
^ring  in  the  wood  ac  Hamilton,  which  petrifies  the 
mofs  over  which  it  runs,  and  one  at  Woodfjdc,  near 
Glafgow,  Contain  but  litlle  canh.  The  one  at  Knaref- 
borough^  in  Yortthire,  contaim  agreacdeal,  fo  that 
it  will  harden  a  vegetable  as  if  it  u'cre  frozen  in  34 
hours,  and  will  completely  petrify  ic  in  two  months. 
This  is  the  moft  remjirkable  water  for  this  property 
tliat  is  known:  it  runs  over  a  rock  about  eighteen 
feel  high,  in  a  great  iHimbcr  of  fmall  ftreams,  which, 
falliQg  on  mofs  «  the  foot  ofit,  have  converted  it  all 
tncofione.  Ii  has  afforded  matter  of  fpeculation  to 
the  chcmifts,  to  find  out  by  what  means  the  water 
ha£  dilTolvcd  this  eafth.  The  peirifa(flions  of  it,  it 
JB  well  known,  all  burn  into  lime.  But  the  earth, 
in  llie  Knarefborough  water,  cannot  be  in  the  form 
nf  tinte,  otherwifc  it  fhould  gather  crufts  in  the  air 
Jikc  lime-water,  which  I  found  by  experiment  it  did 
HOC  We  can  fcarce  imagine  that  it  is  dilTblved  by 
a  faline  fubftance,  becaufc  nothing  of  this  kind  it 
to  be  found  in  the  petrifaiftion,  which  fhould,  if  this 
were  the  cafe,  be  the  calcareous  earth  diflblvcd  by 
fbme  fait,  and  not  a  pure  earth. 

The  reafon  why  It  has  been  commonly  fuppofcd 
that  it  tt-ai  owing  to  a  fair,  is  from  the  tafle  of  the 
water,  which  is  nunifellly  four,  with  fomdhing  of 
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an  aftrir^nt  cafte^  not  unlike  a  veak  folutiofiof 
alum  in  water.  Upon  expoftnga  little  of  the  vrua 
in  a  laucerj  no  icumor  cruft  gachcrcd  upon  it ;  but 
as  the  water  (lowly  evaporated,  a  whiiifli  powd  r  fell 
to  the  bottom,  which  would  not  airain  dillblvc  in  the 
water.  A  perfc^ly  cauftic  alkali  threw  di.un  a 
white  powder,  which  neither  would  difToIve  a<T^in  ; 
another  proof,  that  the  call  arcous  earth  was  not  in 
this  water  in  the  form  of  lime.  This  experinicnt 
fcemcd  to  prove  th?ir  it  was  a  fait  that  kept  the  earth 
diflblvedi  and  yet  no  fait  being  found  in  the  pctri- 
fadion,  fecmed  to  contradi*^  this. 

Air  that  has  paffed  through  the  fire,  or  been  breath- 
ed by  animals,  or  which  a  (epar^ted  from  calcareous 
earth  or  alkalis,  during  their  rolution  inactds,  readi- 
ly is  abforbcd  by  water.  The  water  thus  faluraced 
with  air  has  the  cxaift  taflc  of  Knarelborough  water, 
only  a  little  ftrongcr.  It  is  very  four.chanpes  ihc  blue 
and  purple  vegcuble  infufions  to  red,  like  the  acids, 
and  cxa<5Hy  rcfenibles  the  water  of  Pyrmont,  which 
feems  to  contain  this  air  only,  or  this  and  a  liide 
iron.  An  experiment  made  with  thia  water, 
faturatcci  with  air,  by  Mr.  Cavendilh,  mentioned  in 
the  Piiiloropliical  Tranladions,  fuggeftedan  explana- 
tion of  the  Knarefbtj rough  water.  This  water,  mixed 
with  lime  water,  throws  down  the  lime  by  furnilhit^ 
air  to  it,  and  ri;ducing  it  to  its  natural  infoluble 
ftaic  :  but  two  parts  ot  water,  and  one  of  lime  water, 
upQii  being  mixed  ^t  hrl^  are  milky,  but  the  tranf- 
parcr.cy  is  recovered  by  fhaking.     This  experiment 
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is  not  eafily  explained  ^  lb  aa  to  agree  with  the  opinion 
of  the  calcareous  earth  being  foluble  in  water^  in 
confequence  of  its  being  deprived  of  air  ;  for  the 
Urae  had  attracfted  the  air  at  firft  from  the  water^  a% 
is  evident  by  its  becoming  milky ;  yet  it  was  even 
in  this  ftate  inftantly  rediflbl ved« 

I  made  fbme  experiments  upon  this  mixture»^ 
and  the  only  probable  account  I  could  fall  upon  was» 
by  fuppofing  that  the  calcareous  earth  was  not  only 
foluble  in  water^  when  deprived  of  air^  but  alfo  when 
it  contained  too  much  of  it :  and  that  it  was  leaft  fo« 
luble  in  an  intermediate  ftate.  This  mixture  of  lime* 
water  with  water  faturated  with  air^  agrees  almoft  ex- 
idly  in  all  its  properties  with  the  Knarefborough  water. 
That  the  calcareous  earth  is  diilblved  in  the  mixture 
of  lime-water  and  water  faturated  with  air  ieems  to 
be  proved  by  the  following  experiment :  a  cauftic 
alMii  "which  did  not  at  all  aiFedi:  lime-water^  turned 
this  muddy^  and  the  calcareous  earth  foon  fell  to 
the  bottom.  Upon  examining  it»  I  found  that  it 
agreed  in  every  thing  with  chalky  and  like  it  eiier* 
vefced  with  acids.  The  earth  was^  in  this  cafe^  pre* 
dpitated  by  the  cauftic  alkali  attrading  the  redun* 
dant  air^  and  reducing  it  to  the  middle  ftate  in  which 
it  is  leaft  foluble.  For  this  the  alkali  has  a  ftronger 
attradion  than  the  calcareous  earth  ;  but  the  calca* 
xeous  earth  has  a  ftronger  attradion  for  the  remain- 
ing air»  as  is  evident  from  Dr.  Black*s  experiments. 
A  cauftic  volatile  alkali^  which  has  ftill  Ids  attract 

rr  2 


]^  OK  VAttH. 

(Km  tat  RxM  ftir  than  tht  fix<rd  alkalis,  litt  the  Anm 

Hle<ft,  Bttd  for  thb  fiiAie  Ktfon. 

ttfTarily  flowed  fVwrt  ft  :  i,  Thrt  an  allf*1i.  altWiy 
fktufattd  whh  iif,  ft«Uld  ha*e  rro  tfftA  upirti  tl« 
mixture  of  lime-wan?f  and  vnttt  raruralcd  with  iiVj 
btcatift  u  cmiid  not  attra(5l  rhfs  ^ec^uhdBrrt  ait  frtim 
thecklcarcou!  rarth,  /b  nS  to  rrfuceitihto  itsmkWI* 
tnrolublc  ftate:  ^,  That  chillt  ftiould  diffotve  in 
Ivatrt-  faturittd  *!*  arr.  Theft  \vc>*  Ibuhd  to  bj 
rhfe  ttpoii  trykig  the  f*perlm*rtts.  CofriPfitfB  alftalU 
wW'IiSotanfw+r.teriwyJire  far  from  fatafaoont  ihey 
mutt  be  qtiitcftturttwl,  tond  wlwti  ih  this  ftat^  the 
traMparenc)'  of  the  Kqiior  is  tiot  in  th*  Jeaft  affeAed 
by  them.  This  ■ma)',  thercrore,  be  uftd  W  a  Wft  ft* 
%  tnitd  alkali,  as  lirnc-*attr  is  ofed  fls  a  rtft  fbr  a 
cauflic  ftlkaH.  The  mixturt  of  chatk  aftd  warer  ft, 
turatcd  vifiih  Rixi  ail-  b  *xai5Hy  libe  the  Kftm-ef- 
b6r*>ugh  water. 

The  water  of  the  Knarcfberougli  fpring  feertis  W 
be  produced  thUs.  A  quantity  of  air  *rf*His  kind  n 
fbnfld  in  caverns  underground  as  in  coal-pits,  which 
ctintiot  be  wrought,  en  account  of  its  cxtingOifliing 
the  candies  of  the  workmen,  ahd  being -tbfelly  attfit 
for  their  rcfpiration.  Ifrhis  airisTncWiiaft  *4A 
the  water  of  any  fpring,  a  partofit  ViH  itnttwdiwdf 
be  abforbcd  ;  the  water  ti-ill  acquire  a  lour  rafte,  and 
will  rparktc  in  thegfefe  like  the  Pyrmoht  wawt*.  If 
this  water,  in  its  courfe,  meets  with  •  ■qutoiiQ'  Cf 


liinp-Aone  «r  chaik.  U  v|U  dilT^lvf  «  AntU  (jutfttify 
iif  thfiin,  And  iiinn  t  ppfiri^ing  WMor>  in  /lytry  im 

Q)edt  like  the  Knarclborough  wat^i:. 

AUne  tngndioM.-  Asjriv«q  4n(^  ^tm\  fmj^^  9r4 

pMtMn  iiOine  otiittiir.  .b«i(tst| «  fliMnti^j  of  pi)ti|fy# 
iwlq  of  tf  «K  foitiHi  in  4ijjftff RC  ia^r^  of  .lh<:  .Vftrl4) 

tttirely  fK4  fmn  if.  WatiM  ii  9  v^cy  yi^mWt  h^]n 
Aomog  it  into  vupQUf }  fv^n  io  th?  fiilicl  fwm  «if  i$t 

iriMnponiea,  tkaugh  mof*  Oovvly  tha^  in  9  J|>i^ 
^gnB.  The  6^nft  XubAtncn  anpot  kip.q«Rveil»il 
lata  vapoup  hj  my  dtgftt  qC  heat  whish  natumftjr 
iiifipais  in  any  af  the  ciimatrs  of  this  gi»h^.  The 
Mmtcr  ia  riven  i*  thcrcfprt  .coqOaotly  flwporatiqg 
.  during  their  courfe,  while  the  falip^  fti,t^  rmifiuit 
74if  pn)parfiei><  of  the  Mm  p»(t«  &>  the  w^ter 
jiill  thcreforr  be  conftantly  increaUng*  and  will  b« 
fimieft  in  the  lowaft  part  of  the  glf^.  Hence,  tbf 
jratcxqf  tht  ocean  oontaini  inon  ialt  than  any  oth^f 

«tter;  aodthoif  part»»fiheiKcmthM«c««i99ff4 
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to  the  g»ateft  heat  will  be  Talter  than  the  refl;. 
ieawateri  under  the  equator,  contains  more  Dilt 
la  higher  latitudes. 

The  water  which  is  converted  into  vapour  \ 
of  every  thing  fatine ;  and  by  being  driven  abo 
the  wind,  and  attracted  by  the  high  mountains, 
down  in  the  form  of  rain,  dew,  hail,  and  fnov^ 
which  fupply  the  fountains,  and  thefc  the  riven^ 
which  again  fail  into  the  Tea  c  To  that  the  water  is  fub- 
jc<ft  to  a  perpeiual  circularion,  by  which  it  affords 
new  fupport  to  the  vegctabrc  kingdom,  cxhaufhsi  by 
the  evaporation  of  its  watery  parts.  In  coofequi 
of  this  conftant  evaporation,  the  frcfher  water 
warda  the  poles  muft  tend  in  a  conftant  current 
wards  the  equator,  otherwifc  the  water  at  the  equator 
would,  by  this  lime,  have  been  entirely  cvapoi 
nted,  and  the  whole  converted  into  folid  fait.  T1 
there  is  a  current  of  this  kind,  iacoafirtned  by 
accounts  of  navigators.  As  the  evaporation  goes 
principally  at  the  furface,  the  water  at  the  fui 
will  foon  become  (alter  than  the  reft  ;  but  at  the 
time  it  becomes  heavier,  fothat  it  (alls  in  a 
flrcam  from  the  top  towards  the  botiom.  £x] 
mem  confirms  this,  for  the  fea  it  falter  at  the 
thanat  thefurface. 

■   If  a  large  bay  is  formed  by  the  fea,  which  comi 
ijkatcs  with  the  reft  of  the  ocean  by  a  narrow  necir, 
ih*  current  produced  by  the  evaporation  will  I 
)>erceivcd.'  The  Mediterranean  is  of  this  kind, 
extending^  to  a  furface  of  300^000  fquate  mile 
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fhnnicfltes  vitfi  the  Atlantic  at  the  Straights^  bjr  m 
neck  about  five  Englifli  miles  over»  Through  this 
there  is  a  conftant  current,  it  is  affirmed,  of  two  mikt 
in  the  hour.  This  Dr.  Halley  long  ago  accounted 
for  from  the  evaporation  from  the  furface  of  the  Me- 
diterranean being  greater  than  what  it  receives  from 
all  the  rivers  which  fall  into  it^  many  of  which  are 
yery  lai^ :  but  if  this  (ea  had  loft  annually^  fince  its 
aiftence,  the  quantity  of  water  which  Dr.  Halley 
fuppoies^  it  would  long,  ere  now,  have  been  con« 
verted  into  a  vafl  mafs  of  indurated  fait.  By  calcu- 
lations from  the  quantity  of  fait  contained  in  the 
water  of  the  Mediterranean,  it  appears,  that  in  500 
^rs,  the  fait  feparated  would  have  been  2 50  feet  high. 
Now  the  Mediterranean  is,  in  many  places,  not  o^ 
this  depth.  So  that  this  fea  would  have  been  wholly 
ckangcd  into  lalt,  if  the  fait- water  continually  flow--^ 
ilig  into  it  had  no  iflue :  but  in  all  the  time  it  has 
htm  known  it  has  not  become  falter. 

The  explanation  feems  to  depend  on  the  water  in 
iht  Mediterranean  being  falter  than  that  in  the  At* 
lantic*  By  experiment,  it  is  faid  the  former  contaiaa 
near  ^  the  latter  contains  ^  part  of  falt%  Th^ 
Ihrface  of  the  two  feas,  therefore,  being  of  equal 
lieight,  their  gravity  would  not  be  equal  {  fb  that  the 
ttH)  feas  v^ould  run  together,  the  lighter  fpreadii^ 
9nthefurfiice,  the  heavier  fpreadingon  the  bottom. 
Heoce  there  would  be  two  currents,  one  from  the 
Atlantic  to  the  Mediterranean  on  the  furface  t  another 
6m»  the  Mcditerraneaato  the  Afbuitie^  on  the  bM^ 
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lom,  in  th*  fame  manner  a»  in  a  warm  rootn  whii 
fhc  cold  air  riiflm  in  at  the  bottom,  the  warm  ail 
Aow*  out  M  the  wp  oi  the  door. 
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cRiiy  wa»  publicly  read  in  tW  year  T771  ty  il»  eulliof, 
M«1  ever  Mfiervsnis  fornicd  »pnrtofM»  eoutft  of  dicfnkru 
lo^um.  The  Ttcord*  of  the  ftKiiiy  K>  which  it  w«i  cAmmuiih 
Gated,  and  the  rccotlfdiou  of  nutiy  of  in  neoibeisof  unllcniiKi«l 
ii)tv£rily  and  ^nlighUouI  iiitud;  «ru«lij  rcadrl),  if  iito-bry,gift 
tb«  nioA  precil'u  cviJtiicc  ufllH;  correiSiidi  urilir  date,  wkicU  it 
.IBOrcQvcr  kITlwiI  io  ilie  tiianureript  by  tlie  aulliur's  faaivJ.  Tlii» 
ptT-rilMii  is  rcquiHic  in  tliia  innanci;  lo  lie*  ifrnl  'he  ohCcmkUaia 
aontQiiwil  in  this  dIUy  tin  the  fjlubilily  eC  cb&tk  in  ^«nl«r.  im- 
piwitmiti^tJ  triih  carbenie  lurM,  n-ore  nimie  ntdioui  any  kiinitledf* 
ffi'lttTfraan'K  f.^pirirru'nl*  on  rli«  fiime  (ilyrA,  wticli  dnl  not 
take  plucc,  it  at  leafl  wcra  nM-ituliliihodt  uii  th»  yMi  177^  ll 
Hfurtainly  v«ry  mutrL  lo  be  legrelied  ttial  lay  follKr  <«*•  'i' 
rMretncl)  averfc  to  coninilt  bis  ubfrrtittions  Ui  ibv^tcle.  wd  it 
bat  been  pcculiurty  prrju^iciiLl  to  his  rt'[>uta[ion  as  k  clit^mtfL 
ltftror«,  huwpviT,  I  btlit*c  in  o  great  mcafure  ttvm  ■  nicety, 
perhaps  a  (ikSLiiuni[iu.&  uf  lalte,  wKJob  rcnJoMJ  Ura  nlwftyi  dt^ 
fcUsficd  wilb  (h«  ifegre«  of  prrfe^icD  t"  wkich  ^  hid  kmiitsbt 
bis  fpeculutions,  and  partly  aJJ*!:)  Iroia  an  o[tiiuon  Dul  v<;ry  wkU 
touadcd  ihal  teaching  iii^  jhcurlo  end  CNpenntenlt  In  bii  |>up4( 
tras  equivalsnl  toa  mure  formivl  publicalion  uf  ibeni. 

Itwilhiot  be  here  nccvfl'urj  loreviTi  to  ibc  cuuGdcration  of 
Van  Ifelmoiit's  ani)  Mr,  !t«yle'i  cyprrlmenti  on  tb*  grow  III  of 
^hinu  in  water,  ttbith  have  been  uuticvd  in  a  former  Dole,  wu 
t»  Utt  furifiCBtiouof  vlti»(c4  tir  by  cegelabWe,  «aij  tlte  4wW»* 


|fvi«f  Aoft§J>t  fciuifclt  to  baiif^  4lft  (l|gg^ft94t    .  ,  ^ 

ia  Ibe  1091111^1^ .1(94 jwIh^^  wfs  jp^aiilfA  us  )f^0g  «i:M«>^iNi^h* 
darky  but  by  expofure  to  light  became  firfl  yellow,  then  i)fQi|i% 
and  finally  green.  It  is  a  curious  inquiry  here,  how  did  the  in* 
iuence  of  light  produce  this  change  of  colour  ?  Inhere  are  two 
muriates  of  copper,  the  green  muriate  which  contains  a  largi^ 
quantity  of  oxygen  and  little  copper^  and  the  colourlefs  muriatet 
wbkh  contain  lets  oxygen  and  mora  copper.  This  latter  may, 
According  to  Proufl,  be  obtained  by  plunging  a  plate  of  copper  ia 
muriatic  acid,  and  keeping  it  for  fome  time  in  that  fituation.  It 
appears  then  that  Dr.  Irvine  formed  this  fait,  which  when  cxpofed 
to  the  air  fpeedily  attrads  oxygen,  and  is  converted  into  the  green 
muriate.  Paint,  however,  iecm  to  have  been  taken  to  guard  the 
folution  from  the  contad  of  air.  If  the  effed  thus  be  produced 
by  oxygen,  and  the  oxygen  was  not  derived  fi*om  the  atmofphere, 
il  muft  have  come  from  the  water,  and  that  by  the  influence 
ef  light  in  fome  manner.  The  muriate  of  copper  may  not  attrad 
the  oxygen  of  the  water  fo  flrongly  «is  the  hydrogen  does;  but 

the  light  having  accyik.  n^y  #^^y4  tj>P_  ltf4''*^^"  ^^^^  ^  certaia 
force,  which  may  fo  weaken  its  affinity  for  the  oxygen  that  th^ 
water  may  be  decorapofed,  and  the  muriate  become  green.  But 
if  this  be  true,  what  becomes  of  the  hydrogen  ?  It  may  bean^ 
fwered,  that  it  may  aifume  the  gafeou*  form ;  or  if  the  recent 
dhfcovery  of  the  compofition  of  muriatic  acid  Aiould  be  con* 
irmed,  the  hydrogen  may  be  fuppofed  to  be  altered  in  another 
way,  and  combine  with  the  folution  in  the  form  of  muriatic  acid« 
It  (eems  not  improbable,  from  the  various  changes  of  colour  o(the 
l61ution,thal  copper  is  capable  of  combining  witfai  oxygen  id  morf 
^au  two  or  three  proportions. 

1  &id  many  records  of  experiments  upon  the  water  of  different 
^ringii  and  wells  by  Dr.  Irvine  ;  in  particular  the  water  of  Glaf- 
gow,  where  he  refidcd,  atirai^.  kit  %tt^tio%  mi  1  fubjoin  a 
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h&  tn  cABtnined  the  refults  of  niny 

(rials  mide  tat  1 

TDl 

the  com  pa  relive  puriij  of  wi'er  fmin 

t   vaf  iou*  trelli,',  1^ 

fpringB,  Iherc  and  in   other  places. 

A   bubble  was''  1 

ftilled  water   al  56<*,  uii  the  tempera 

ture  WB*  Doted    H 

t  wbicli  (he  Aim  bubUe  fank  in  ranoui  kiiub  of  lelj  puiaj  ) 

mtcr. 

f  1 

1 

■»    ."  -  " 
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■    *        '■'  "  '        »  Mill       .1     il      .1    IJ|I      11     ■ 

Degrees 

56 
5t 

64 
74 

66 
66 
67 

64|  Temp,  of  the  wster  in  the  well  -»  5t*,  1776. 

fTcmp.  ditto  i-i^M^  1776^  •  gmllon  of  Arn't 
58^     well  w»ter»  left  •  reudttimi  of  onJjr  two  frMM 

I  upon  distillation. 
68  Ditto  ditto  «- 59. 
68 

•  6S    Temp.  Jw1t««50. 
.70 

65 

-  59 

59    Temp,  in  well  e.  46*,  Feb.  1780^ 
•604  Ditto  «-44^ 

-  6«|  Temp.  50»,  March  1780. 

64  {  ^^">P*  ^^*  "^^  water  contains  iroo»  6iad  aiTi 
C     snd  a  little  moriatic  acM* 

*  72i  Contains  iron* 

-  69i 
.    75 


1  Distilled  water 
tCMe    -    - 
•3       .       -    - 

4  •   -   . 

5  .  .  •  . 

6  .   .  . 
T  -   • 

8  -    .   . 

9  •   .   . 

10  •    .    • 

11  •    •   - 


IS 

IS 
14 
15 
16 
17 
18 
19 

to 

SI 

ts 

S4 
S5 

t6 

f7 

t8 

t9 

50 

51 

5S 

55 

54 

55 

56 

57 

58 

59 

40 

41 

4S 

48 

44 

45 

46 

47 
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*  S.  Deanftde  well  water.  4.  Well  iD  High-dreet,  at  the  old 
▼enal.  5.  Ditto  in  Mr.  Thoropfon's  clofe.  6.  Old  well  in  Par* 
lanet  dofe,  new  opened  and  ordered  to  be  (hut.    7«  Bell'«  wyni 


pf  impoiiif  cootahwd  tn  uijr  of  tke  valen  • 

rtbe  h'lsd,  onfeft  wben  pvticaWfy  lfe«fad.  TW  liA  ««cf 
the  Ughk^  >ad  caitlrqvciitlj  ibc  bilbliV  *M  *#*  9  iH 
fai«*  MlM^  «U|  lm«  in  MM»  awMBlMlTJ  IbKi.  IWndMCf 
tfe  l«««r  ike  irnqieniiiK  U  wUcb  Oe  ba>Mt'faak  uasyof 
Hke  experiactta  ^>o*e  fiuad,  tW  {wrer  b  ^  *>'^>  ^^  "^il 
pt  ipplvttig  heat  am  to  rpoikr  tlic  water,  |litt  fee  bvik,  ligfc^ 
IbM  it  «U«r»iI«  B»,  (v  4«t  it  hh^^I  «ttl»e  bvbUe.  1W  aniBt 
^f  of  drftv«s  tit  Ac  abarf  t«kl«  |fin  |na|  fc^  »ni<AnjJ  h  ^ 
dkaiiitg  llw  IMnij  or  impwity  tii  Ac  ^ifciiw  ««lH«,lbe  tbijk4 
pgoBbrr  wamkitg  (Ik  toA  ^icree  oi  cnUa^if^uoa.  , 

Tb<»  Hbf  b  not  HMnylele.     I  ban  tbnipd  ib  Ir^fa  (Son* 
fiilenltlv,  hy  oniiting  a  prcny  long  diicuiBoB  vo  ibe  appcanncf 

ditto.  8,  Wefiporl  mkH.  9.  Wrfttrn  ftiMp^miie  tJofr  diflo. 
10.  Idc1>  liiAory  well.  I).  Ram',  hirn  <«H.  If.  Aru's  tnlt. 
as.  Salt  nurkrt  wtll.  U.  Wd)  u  Doiraf'i  ctoli^  GallovrgMet 
35,  Well  «(  G.  Cra-ford,  Eiq.  Ifi.  WdLin  Sail  tnrkat  UJ«T 
Xndigf^te.  17.  Ur.  W.  Cannu^bam'swc!),  QiM<«Hftre«t.  )ft. 
|pitlo  itom  Leolhaii.  If.  Sl.TbooM*' wWI^Pcai.  90.  Sl.Joka> 
I'ftno*  SI.  UdyvH).  SJ.  rb>fic«tU.  ?9.  Spoafmouth  ^1. 
VBk  Well  oppoGte  tbe  guuH.  C3.  Tnto  yif  irdt,  oppofite  ikf 
fbdiange.  i€.  Mr.  Sbonridgc'i  wcU,  Diy^p.|tm|.  tj.  May 
<piinp,Argyle.ftriwL  18.  Itedpump,  MeariVl>ca<]«r  St.  Eoodk'r 
Wynd.  39.  Homtcourl.  30.  Welt  in  Mr.  p.Calqnfcrap'iclaf^ 
31.  Well  Ironting  Buchanan-firtct.  S2.  Wdl  in  Mr.  Ak  Omt 
don's  dole.  33.  .^IlanI'$-cou^.  31,  WeP  oppofi|a  Junwf^ 
JlreeL  3i.  Mr.  Vutiii^s,  ihc  blraclier,  «  8«cltaMB'«  cToalit^ 
wynd.  36.  Mr.  A.  Buchauan's,  Januicpriircct.  37.  Envfbr 
bank.  3S.  Spring*t«iik.  35.  Diiio  «elL  Vt.  Two  »«II*  tf 
Snilblieti).  41.  Faur  froia  tk  lontiJiQfpital  wtll.  42.  Suck 
well,  Ofwald»  dofe,  43.  Gourock  Bore  mII,  44.  Grttfiotk 
ciflem.  45,  Tort  Glitlgow  di(Io.  46.  ffoa  fprif  rioni  Smdo- 
buar.     47.  S«a  utttei  at  FairHt^  in  the  Krith  of  Clj-^,  in  dr. 
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ESSAY    I. 


ON  LATENT  HEAT. 


It  has  been  mentioned  in  the  firft  part  of  thcfc 
cfTays  that  the  fcience  of  chcmiflry  owes  to  Dr. 
Black  the  difcovery  of  latent  heat  That  philofo- 
pher  firft  pointed  out  the  cnttantfe  of  a  large  quan- 
tity of  caloric  into  all  bodies  during  their  conver- 
fion  from  the  folid  to  the  fluid  form,  as  well  as 
during  vaporifation,  or  the  change  cffeded  hy  means 
of  heat,  from  fluidity  to  the  aeriform  ftate.  Alt 
men  are  now  agreed  in  attributing  a  due  and  ample 
fliare  of  merit  and  importance  to  this  moft  ingeni- 
ous and  admirable  theory,  which  has  been  the 
ground. work  of  almoft  all  the  recent  advances  of 
chemical  knowledge. 

Dr.  Black  having  conceived  the  probability  of 
the  cxiftencc  of  latent  heat  refolved  to  confirm  his 
opinion  by  a  reference  to  aiflual  experiment.      He 
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preferred  fcrihis  purpoC:  the  cafe  of  ice  and  water, 
ihc  mod  familiar  in  thcfe  latitudes  to  the  obfcr- 
Mtion  of  men,  and  infinitely  the  moft  important 
of  all,  from  the  great  fcalc  upon  which  ii  is  effefled 
by  nature,  h  is  /ar  £rt>m  my  iiKention  to  detail 
here  all  rhc  cxpcritnrnrt  iffTich  Df.  Black  made  lo 
determine  this  point.  One  inrtancc  will  be  fuffi- 
cient.  If  there  be  mi*«S  in  •  proper  vcfTel  a  pound 
of  ice  at  3:"  with  a  pound  of  water  at  lyj*.  the 
whole  becomes  inttirajy  fluid,  and  the  temperature 
is  3 1*.  Hence  the  water  was  cooled  140°,  and  the 
ice  not  heated  at  all,  twf  tmly  melted.  One  hun- 
dred and  forty  decrees  of  heat,  thcrcrorc,  have  entered 
into  the  ice  dutiiig  its  fufloij,  and  are  ncccffary  tot 
producing  that  cfictt.  That  this  is  really  the  cifc 
ippc»T&  plainly  from  repeating  this  experiment  with 
a  little  iltcration.  It^  infteadofthe  poui«3  pf  icc 
at  33",  we  fubrtitutt  a  p-ound  of  water  at  3J*  the 
tcn^rature  of  the  mixture  is  cot  ^1*  but  102°,  thi 
furplus  of  heat  above  31*  being  fiiarcd  equally  1 
flic  two  portions  of  "water. 

Having  proved  in  this  manner  that  ice  docs  1 
rcfiifc  to  admit  licac,  while  fufing,  but  that  140*  a 
required  to  convert  it  into  water,  Dr.  Black  prt 
ceedcd  no  further  by  experiment.  He  cxtended-h 
iJicor)-,  however,  to  all  cafes  of  fufion  whatei 
The  140*  nhich  are  thus  demohfhTited  toextd  late 
ih  water,  are  meafurtd  by  llie  capacity  or  fpedS 
neat  of  water,  as  is  evident  from  the  coifidcration 
of  Qr.  Black*srspcrimenis.    For,  in  order  to  fufe 
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thcice^  an  equal  weight  of  water  is  deprived  of  140'' 
of  heati  which  are  only  fufficient  to  facisfy  the  d&« 
mands  of  the  new  capacity.     Jf,    therefore,    we 
fuppofe  the  capacity  of  ice  for  heat  to  be  as  nine^ 
that  of  water  being  ten,  and  nobody  has  made  the 
difference  lefs,  the  latent  heat  of  water,  erprefled 
as  it  is  ufual  aild  convenient  to  do  in  alt  other  cafes^ 
where  it  is  extremely  difEcult,  if  not  altogether  im^^ 
poflible  to  afcertain  the  fpecific  heat  of  the  fluid  in^ 
queftion,  would  be  15  5^ 5  5  5,  and  this  mbdeofex* 
preflion    would  undoubtedly    be  more  convenient' 
than  the  prefent  one,  where  the  comparifon  of  the* 
latent  heat  of  various  bodies  is  to  be  made,  if  th 
capacity  of  ice  were  accurately  known*    Even  with 
our  prelenc  imperfed:  knowledge  of  that  circum« 
fiance,  I  fhall,  in  this  eflay,  (late  the  latent  heat  of 
water  at  155*555  degrees  nieafured  by  the  capacitjr 
t)f  ice. 

It  cannot  afford  juft  ground  for  wonder  that  there 
ihould Hill  remain  fome  doubt  of  the  accurate  fpe-» 
cific  caloric  of  ice,  coniidering  the  extreme  nicety 
of  all  experiments  upon  heat,  not  one  of  which,  I 
may  boldly  affirm,  can  aflert  any  claim  to  perfect 
pjrecifion*  Many  other  philofophers  have  alfo  re^ 
peated  and  modified  the  experiments  of  Dn  Blacky 
to  determine  the  latent  heat  of  water.  And  though 
the  cafe  is  as  fimple  and  fevourable  as  any  cafe  can 
be^  the  refults  have  by  no  means  exadlly  coincided 
with  each  other.  To  illuftrate  the  degree  of  uncer* 
taiatyof  fiickdeterminieitioiis,  it  may  be  worth  while 
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to  cocnpaie  the  numben  found  hj   Blick,  WIlcKz; 

aod  Ijipla(^e>  three  of  the  moft  diAinguifbcd  pbilo- 

fophers  who  have  turned  their  attention  to  this  fiib- 

jcd.     It  is  flatcd    in  the   jiuuln  de  C&uor»  voL  3, 

psfre  171,  that  the  bteni  heat  of  water,  u  dcccnnincd 

by  Dr.  Black,  is,  in  degrees  of  Reaumur,  62*.Z3j  at 

fgund  by  Wilcke  S7'.7J,  and  by  Laplace  6o%  which 

numben   maf  be  roundly    gi^xn,    accordiog    to 

Fahrenheit's  fcale.  as  140,  130,  and  135.     Mr.  Ni- 

cholfon,  in  his  Treatife  on  Chcmiftry,   flatca  the 

lateiu  heat  of  water  at  a  number  confidcrably  h^;faer 

than  any  of  there,  146' ;  but  I    have  iwt   been  able 

to  find  upon  u  hat  authority,  though  I  have  no  doubt 

of  tha;  gentleman's  accuracy.     Upon  the  whole  ihert 

feetns  fully  as  much  reafon  to   tnifl  to  Dr.  Black's 

determination  of  this  point,  as  to  ihofe  of  the  other 

philofophers  ;  and  the  numbers,  in  general,  do  not 

difler  more  from  each  other  than  it  is  reaibnabic  to 

cxpe<il  they  fhould,  in  all  cafes  of  fo  much  delicacy. 

For  it  never  ceafes  to  be  ncccQary  to  recall  to  the 

xecollciTiion  of  the  reafooer  upon  the  theories  of  ca- 

loiic,  that  all  the  numbers  expreflive  of  the  capacities 

and  Uieru  heats  of  bodies  are  only  approximations 

10  truth,  from  which  they  even  fometimes  widclr 

diverge.  3 

The  only  other  philofopher,  as  &r  as  I  know,  wifl 

has  attended  to  the  prccife  quantity  of  the   latent 

heats  cf  different  fubftances,  is  Dr.  Irvine.     Landri- 

9ni>  it  is  true,  made  fomc  experiments  to  prove  that 

thc^uidtcy  of  ajum,  fulphur^  and  {oxtoL  metals  wm 
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accompanied  with  an  abforption  of  latent  heat ;  but 
I  believe  he  made  no  attempts  to  afcertain  the  precife 
quantity.  Dr.  Irvine  inveftigated  this  fubjed:  foon 
after  Dr.  Black,  and  the  fubdances  fubmitted  by 
him  to  examination  were  fpermaceti^  bees'  wax,  and 
tin.  He  found  the  latent  heats  of  thefe  bodies  tO' 
be  ai  follows : 

Spermaceti ......  1 45* 

Beet' wax 175' 

Tin 500» 

From  the  imperfeft  notes  which  I  poflefs^  of  the 
methods  ufed  to  determine  the  two  firft  of  thefe^  the 
145"*  are  meafured  by  the  capacity  of  melted  fper« 
maceti,  and  the  175*  by  the  capacity  of  melted  bees' 
wax.  I  am  perfcifUy  ignorant  of  every  circumftance 
regarding  the  latent  heat  of  tin^  as  determined  by  my 
father^  excepting  the  number  itfelf,  as  I  have  been 
unable  to  find  any  notes  of  his  experiments  for  alcer. 
taining  this  point ;  but  it  is  reafbnable  to  conclude 
that  thefe  500''  are  meafured  by  the  capacity  of  folid 
tin^  becaufe  it  feems  an  attempt  of  great  difficulty^  if 
not  altogether  impodiblcj  to  find  the  capacity  of  that 
body  in  its  fluid  form.  The  probability  of  this  is 
confiderably  augmented  by  the  refult  of  fome  experi- 
ments which  I  lately  undertook  to  determine  again 
the  latent  heat  of  tin^  and  in  which  the  numbers 
agreed  vtry  nearly  with  that  here  ftated^  on  the  fup- 
pofition  that  the  degrees  were  intended  to  bd  applied 
to  tin  in  its  folid  ftate; 
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J[  occurred  to  me,  fome,  time  ago,  that  it  might  bo 
pofUble  to  add  a  little  to  the  information  at  prdent 
poflcHid  concerning  the  quantity  of  latent  heat  necef- 
lary  for  the  fufion  of  various  bodies.  \VhMc«r  opi- 
nion may  be  entertained  of  the  nature  of  latent  hcal.or 
of  the  manner  in  which  it  enters  into  bodies,  there  cut 
be  no  doubt  of  its  cxiftence  in  many  cafes.  It  appears 
therefore,  an  objeift  of  fome  curiofity  to  compare  in 
quantity  in  various  inftances,  and  to  trace,  if  poili- 
blc,  any  principle  by  which  its  entrance  intofufing 
fubrtances  may  feem  to  be  governed.  But  with 
our  prcfent  fcanty  knowledge  of  this  fubjed,  fuch  an 
attempt  is  not  likely  to  prove  fuccefsful.  There  are 
only  four  inftanccs  in  which  the  latent  heat  has  been 
attempted  to  be  afccrtained,  and  though  thf  fubjeft 
is  furroundcd  by  confidcrable  obftacJcs,  yet  thefc  do 
not  always  apjjear  to  be  of  an  infurmountable  na- 
ture. Influenced  by  theft  confidcrations,  I  relblvcd 
to  endeavour  to  extend  our  knowledge  a  little  upon 
this  fubjcift,  and,  in  confequence,  made  a  great 
number  of  experiments,  of  which  I  now  proceed  to 
give  fome  account. 

The  vcITiIs' which  I  employed  were  extremely  fimple, 
and  confiftcd  of  nothing  more  than  common  Florence 
fl;i1ks  of  which  the  necks  were  cut  off  at  a  convenient 
diftancc.  In  thefe  the  water  madeufeof  was  con- 
tained, and  the  veflcl  was  fupported  on  a  flight 
wooden  ftand,  which  prcfcnted  a  very  fmall  furface 
Vo  abflradl  heal  from  the  materials.  The  orifice  at 
the  fuperior  part  of  the  veflcl,  was,  in  general,  not 
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more  than  rufficicht  to  permit  tfe  rcSdy  ihthkluc* 
tion  of  the 'fluid  exdmined ;  probably  frbm  Ah  inch' 
and  a' quarter  in  diameter  to  a  little  thbre,  (b  thiat  a 
▼cry  fmall  fur&ce  of  the  water  wa£s  cxpcifed  to  the 
air.  The  weight  of  thegfefs  was,  in  all  cafe?,  aiJtti- 
xately  afcertained.  Thefe  circumlhiriccs  bcihg  pre- 
mifedj  I  proceeded  in  the  following  manncf . 

The  firft  fubftance  which  I  fubmittied  to  eiraWif-* 
nation  was  bifmuth.  The  melting  poiKt  of  thiir 
metal  was,  by  the  thermometer  which  t  iJftd,  480*; 
This  is  fo  very  near  the  pQint  found  by  my  father, 
to  wit,  476,  that  I  (hill  coiifider  his  detcrmiriatibni 
as  the  true  one,  as  he  combined  arid  trompafcd  thJi 
different  wap  of  cortipiitatJon  arid  bbfcfrvdtion,  itia 
I  know  the  thermometer  which  he  employed  to  havnd 
been  made  with  particular  carif.  Ihto  a  gfafs  veM 
which  weighed  4n  grains^  and  which  tbs  cott^ 
itrudled  and  fituated  si%  above  ni^ntloned,  1  pxii 
2236  grains  of  water,  *  of  the  tem'f)erat\ffc  df  i6*z*; 
which  was  that  alfo  of  the  apartment  in  which  thif 
experiment  was  condudted.  I  then  rermb>^cd  frofJi 
the  fire  a  quantity  of  fluid  bifmuth  in  k  ^rtfcible  J 
I  waited  till  it  was  pirtially  folid,  ahfl  thfe  foiia  ^1% 
projeding  into  the  fluid  ;  alt  that  mbhieht  %  iiL 
kntd  that  both  the  folid  HhA  fluid  thtftif  Wci-i  4^ 
the  comrhon  temperature  df  4^^.  Thfe.  J  befie^ 
h  a  fair  induflbion.  It  fs  impoffiblc  &  ipkrc  rffite 
during  the  expcrirtient,  to  afcertain  tWe  tc/fi  ji^rattrrfe 
tof  the  fcmilit^id.  But  the  melting  poiiit  bf  ariy Tub- 
tettce  dutUfi  afcftrtaintd  ihuo'  iank  '^'^i^  oil 
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the  fuppofition  that  a  folid  tnimcricd  la  its  relii 
tive  Buid  is  either  melted  by  i^  or  if  it  remains  in 
the  fluid  unmeltcd,  and  the  fluid  is  not  froun^  that 
both  are  at  one  temperature,  and  ihac  tcmpcniurc 
is  the  melting  point.  A  thermomcta  introduced 
into  a  crucible  filled  with  a  mingled  niafa  of  folid 
and  fluid  bifmuth  always  points  to  476'  or  veiy 
near  it.  I  proceeded  to  pour  a  portion  of  ihc  0utd 
bifmuth  into  the  vciTel  of  water.  The  mixture  was 
well  nirred,  and  in  one  minute  the  thermometer  flood 
in  it  at  86  ;  in  two  minutes  ai  S^.75.  The  true 
temperature  at  the  moment  of  mixture  was,  there- 
fore, S6''.a5,  fuppofing  equal  tcmperaturei  to  be 
loft  in  equal  intervals.  There  wasalfoafmall  quan- 
tity of  (team  formed.  I  now  weighed  the  vcflcl 
with  its  contents  of  water  and  bifmuth,  and  found 
that  it  had  gained  1555  grains.  This,  therefore, 
ought  to  have  been  the  quantity  of  bifmuth  poured 
in,  if  there  had  been  no  lofs.  Bui  upon  drjing  and 
weighing  the  metal,  it  appeared  to  amount  to  ijgj 
grains,  and  34  grains  of  water  or  metal  have 
fequently  difappcared.  The  bifmuth  was  c 
3*9"*7i*  the  2236  grains  of  water  were  heated  24' 
Then  1559  grains  of  water,  or  a  quantity  equal  td 
^at  of  ihc  bifmuth,  would  have  been  heated  mott 
in. the  proportion  of  uj^  lo  2336,  or  34'. 
Thcfc  34°. 77.  in  order  to  be  cotnparod  MJih 
degrees  which  the  bilmuth  has  lofl  mufl  be  redt 
to  the  fame  value,  or  ih.it  quantity  of  heat 
ihcy  contaifi  tnufl  be  cyprcilcd  by  dcgtccs 


m 


•  ON   LATENT   BXAT.  45^ 

by  the  capacity  of  bifmuth.  This  .will  not  alter 
the  quantity  of  heat^  but  only  give  us  a  different  ex* 
preffion  of  it.  The  fpecific  hckt  of  bifmuth  is  ftaited 
in  .  Thomfon's  Syftem  of  Chemiftry  at .  .643  :  the 
quantity  of  caloric  which  raifes  the  temperature  of 
s^ter  34*«77»  would  therefore  raife  that  of  an  equal 
quantity  of  bifmuth  85o''.46.  But  the  bifmuth 
after  becoming  folid^  could  only  have  loll  389.75^ 
which  being  fubtraded  from  850''.46  there  remains 
460^.7 1«  which  cannot  be  accounted  for  by  the 
cooling  of  the  folid  bifmuth^  and  which  mud  coiw 
ieqaently  be  the  whole  or  a  part  of  the  latent  [heat 
of  the  fufed  metal.* 

But  the  latent  heat  mud  be  greater  than  this  ; 
for  411  grains  of  glafs  were  alfo  heated  14''.25.  If 
the  capacity  of  this  be  taken  at  •x74»  as  Mr.  Kir* 
wan  found  flint  glafs  to  have^  and  I  have  found 
green  bottle  glals  to  have  a  capacity  .173  by  ileveral 
p[perimentSj  whence  it  is  probable  that  the  glafs 
oi  Florence  flalks  has  its  capacity  not  wcry  wide  of 
theie  numbers ;  if  then  .174  be  taken  as  the  capacity 
of  this  glafs,  thefe  24''.a5  which  the  bifmuth  com* 
fflunicated  to  the  41  i  grains  of  glafs  in  the  vefiel. 
when  meafured  by  the  capacity  of  the  bifmuth,  are 
equal  to  98^.1  :  and  1559  grains  of  glafs  would 
have  gained  25\8»  which  muft  be  added  to  46o'.7r 

*  Some  errorsi  which  howerer  were  merely  of  an  arithmetic 
cal  kind,  will  be  obferved  to  have  ercaped  me  in  ^the  hurry  of 
wridng  thii  train  of  reafoniog  when  it  appeared  formerly*  Tbe(i| 
•iw  now  correAed*  ^ 
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already  found,   and  make  486''.5i   for  the  Jatatf 
h«at  of  bifmuth. 

,  But  this  is  obvioufly  ftill  too  little  ;  for,  as  bay 
been  already  mentioned,  there  was  a  good  deal  of 
ftcam  fanned.  The  anioont  of  the  heat  thus  ki^  ' 
it  is  extremely  difficqlt  to  afTign.  1  fliall,  however, 
fn*ke  an  attempt  to  gucfs  at,  railier  than  detcrmin« 
it.  All  the  34  grains  muft  not  be  reckoned  to  haw 
been  loft  in  evaporation.  In  fpite  of  all  my  rfTorti 
I  could  perceive  that  fome,  though  certamly  a  froall 
quaiicity  of  bifnauth,  wpnt  off  wixh  the  water,  in  the 
forpi  of  a  number  of  ycry  minute  particles  floating 
in  the  liquid  :  and,  perhaps  alfo,  a  fmall  portion  of 
Vacer  might  be  wafted  during  the  procefs.  If 
>»e  ajlqw  .iS^raim  of  .the  lofs  «o  be  accounted  for 
in  t^efe  wayj^  th«K  would  icnaain  i6  grat^u  of -wattr 
l^htclfi  hAv<  been  co|)V£r£ed'into  fteEtn.  The  taunt 
fieat.gf  Acam  ^as  computed,  by  (Mr.  Watt,  to  be 
<qual  to  '94D°<  But  tt^is  fteam  cannot  -be  allowed 
fo  tnut;h  latent  beat  as  this  ;  and  though  « may  he 
difticult  to  point  out  the  quanticjr  to  be  fiuriygmit. 
fit  yet  I  ^hnll  expetfi:  to  be  within  boumls,  when  I 
eftifn^te  it  at  one-half  of  940"*  or  470".  laihat  cade 
we  ibo^ild  fay,  Ijxteen  grains  of  vstci  have  beea 
^ated  470°;  ftxteai  ^r^ni  of  bifmuth  would  be 
Ideated  by  the  fame  quantity  of  Ciiloac,  lo^jp'tii, 
and  r55;j  grains  -\-  16  grains,  fuppofed  to  have  been 
poured  off  with  the  water,  m  1575  gniiu  of 
bifmuth  would  be  heated  ii2°.43.  This  quan- 
tity of  heat^  therefore,  ought  to  be  iadded  to  th( 
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4S€^.5i,  alfadjr  founds  and  would  amount  in  all 
ID  598^94  which  fhould  be  the  whole  latent  heat 
of  bifinuch. 

I  am  perfedUy  fenfible  that  there  are  feveral  gra- 
tuitous fuppofitions  in  this  lad  part  of  the  rea(bning» 
where  it  is  attempted  to  efUinate  the  amount  of  the 
ileam  produced^  and  of  its  latent  heat ;  I  do  not^ 
therefore^  lay  much  ftrefi  upon  it.  The  number 
4&6^.  5 1  ii  not  at  all  affedled  by  the  truth  or  wifehood 
<>f  the  fubfequent  indudions^  and^  as  far  as  I  fee, 
ihinds  upon  firm  grounds.  I  endeavoured^  however^ 
to  confirm  or  refute  the  truth  of  the  laft  part  of  my 
Aigument  by  making  an  experiment  exadUy  on  the 
fame  principles^  but  where  by .  dexterity^ .  I :  might 
prevent  the  formation  of  fleam,  wholly  or  in  great 
part.  In  one  inflance  I  fucceeded  tolerably  woll^ 
and  then  the  latent  heat«  with  every  'corredion^ 
amounted  to  nearly  6oo%  approaching  thus  extremely 
clofely  (o  the  determination  by  computation. 

Having  mentioned  the  word  dexterity^  it  is 
proper  that  I  fhpuld  give  fome  explanation  of  what 
is  meant  by  it  here.  Though  it  may  feem^  at  firft 
fight  an  excef&vely  eafy  thing  to  pour  fluid  bifmuth 
into  water,  yet  it  will  be  founds  upon  trial,  to  be  a 
matter  of  confiderable  jdifficulty  to  do  it  in  fuch  a 
manner  as  to  make  the  calculations  agree  in  their 
arefults.  This  difficulty  arifes  from  the  unequsd 
quantity  of  fleam  formed  by  different  management^ 
4nd  alfb  from  the  watejc  fometimes  violently  thrown 
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about  by  the  metal,  at  the  moment  of  its  firft  con- 
taift  wilh  h.     Sometimes  a  violent  ciplolion   taket 
place,  occafioned,  as  I  fuppofc,  by  a  hollow  fpht 
of  btfmuth  being  rapidly  formed,  inclofmga  poitit 
of  water,  which  it  fuddenly  rarefiei,  and   expandt" 
■with  great  force.     I  cannot,  in  all  cafes  give  direc- 
tions bow  to  avoid  thcfe  accidents,  but  1  know  very 
well  that  they  rarely  or  never  happened  during   the 
latter  part  of  my  experiments.     Some  obfervations* 
however,  fuggcfted  thcmfclves  to  me.    Care  mi 
be  taken  that  the  metal    is    not  too   near  cornpl' 
fixation,  and  that  no  portion  of  the  foIJd  metal 
poured  along  with  the  fluid.     Similar  caution*  mi 
be  obfcrved  with  rcfpctfl  to  the  oxydc  which  is  alw^v 
found    floating  on    the  furface.     The  method    of 
pouring  out  the  metal  alfo  requires  attention  :  if  it 
be  poured   fuddcniy,    or  with  a  jerk,  a  large  jet  of 
fleam  is  immediarcly  thrown  out  as  the  metal  touches 
the  water :  if  even  a  fniall   ftrcam  be  poured  in  at 
one  point  only,  the  folid  metal  forms  a   column  in 
the  water  which  quickly  reaches  the  furface,  and  at 
that  moment  an  immcnfc  quantity  of  (leam  is  fornix, 
ed.     On  theother  hand,  if  thefiuid  metal  be  poured' 
from  too  great  a  height,  it  may    become    folid  be* 
fore  reaching  the  wa^cr,  and    thus   defeat  the  in- 
tention of  the  experiment.    A  little  pradiice,  how- 
ever, is  fufiicient  to  enable  any  one  to  avoid  orlcflca 
thcfe  fourccE  of  inaccuracy. 
1  repeated  ;hefc  experiments  for  determining  the 
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latent  heat  of  bifmuth  many  times^  and  the  reTult 
4$  cxpreiled  in  the  following 


TABLl. 


' 

■   — — 1 

No.  of 

Latent  heat  by  Correction  for 

Whole  latent 

Experiments. 

the  first 
computation. 

the  heat  receiv- 
ed by  the  glass 

■ 

heat. 

1 

.457 

43 

480 

2 

411 

29 

440  . 

3 

412 

28 

440 

4 

466 

33 

498 

5 

480 

.29 

509 

5 

438 

27 

465 

7 

465 

SO 

495 

8             ^ 

460 

25 

-485 

Mean 

448 

476 

On  the  whole^  therefore,  it  appears  that  vfc  {hall 
not  exceed  the  truth  when  we  cflimate  the  latent 
heat  of  bifmuth  at  550% 

I  made,  precifely  in  the  fame  manner,  two  ex- 
periments to  afcertain  the  latent  heat  of  tin^  and  of 
(hefe  the  refults  ^vere-^ 


Experiment 

Latent  Heat 

1 

2 

520 
495 

Mean 

507 

This  agrees  remarkably  well  with  the  determina- 
tion of  the  lame  point  niade  by  Dr«  Irvinet 
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Zinc  reqaires  for-its  fufion  a  higher  umpcramft 
that  that  at  which  mercury  boils.  The  mercunil 
thermometer,  t^crcfor^  cannot  be  ufed  to  dctcnninc 
the  melting  potat  of  that  metil.  fiut  ic  was  com- 
puted by  Bergman  to  melt  at  700'  of  Fahrenheit's 
fcile.  Taking  that  for  granieJ,  I  made  three  expe- 
riments oa  the  latent  heat  of  zinc,  in  a  fimilar  way 
with  thai  already  related  with  bifmuih.  Thcfe  ex- 
periments might  be  eafily  dcuiied  at  full  length,  but 
h  is  to  be  feared  that  fa  tedious  and  minute  an  ac- 
count might  have  a  greater  tendency  lo  cjchaufl  the 
patience,  than  to  add  to  the  information,  of  the 
teader.  J  (hall  therefore  only  give  the  refufts  of  the 
calculations  infiituted,  which  I  have  in  this,  and 
every  other  indance,  taken  pains  to  render  accun 
by  repeated  trials. 

EXPERIMENTS 
To  Jetcrniine  the  laltnt  Ueat  qf  Zint 


the 

1 


lixperhncnli. 

Latrnt  Heat 

by  lirkt 
couipuliition. 

Corii-etion  for 
lt«3t  rucuivetl 

\>y  ihc  glass. 

Wliolc  laltut 
Hcul. 

1 
5 
3 

4P0 
47« 

443 

29 

32 

£18 
4(« 
475 

M«an 

469 

493 

In  thefc  experiments  no  allowance  is  made  for 
the  heat  loft  by  ftcam,  which,  however,  by  the  dex- 
terity acquired  by  praifticcj  1  wu  enabled  to  render 
very  fmaU, 
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Lead  I  found  to  melt  at  a  point  above  584* ;  that 
isi  the  mercury  in  my  thermometer  immerfed  in 
iemifluid  lead  rofe  to  584%  and  was  continuing  to 
afcend,  when,  owing  to  the  (hortnefs  of  the  tube^  I 
was  obliged  to  withdraw  the  inflrument,  to  prevent 
its  burflin^.  I  fuppofe  therefore  that  594^  as  fouikl 
by  Dr«  Irvine,  cannot  be  materially  diftant  from 
the  truth*  AiTuming  it  as  true,  I  proceeded  u^ 
make  feveral  experiments  on  the  latent  heat  of  lead; 
In  doing  this,  I  was  fpeedily  led  to  notice,  that 
melted  lead  does  not  by  any  means  produce  fb 
much  fteam  as  rnany  other  metals  do,  when  poured 
into  water^  even  under .  the  moft  carelefs  nunage^ 
ment.  '  This  is  the  more'furprifing  as  the  meltii^ 
point  of  lead  is  confiderab^  higher  than  that  of  (bmc 
of  Jthefe.  The  reafoa  of  this  f^  will  appear  frofa 
the  following  table : 

£XPEimi£NT9 
T»  deUrmne  ike  laiemt  Heat  oj  Lead. 


£zpcTimeQta.  I  Latent  Heat 


S 

4 

5 

Meai| 


I610.8 


Correction. 


iflh 


lO^.S 


Whole  latent 
Heat. 


1S8M 
153^8 


145^*9 


•    .     • 


^.- 


I 


461  OS    LATENT    tlCAT. 

In  thcfe  experiments  I  have  by  an  accident,  loft 
the  notes  of  the  weight  of  the  vcfiel  crnpipyed,  in  all 
but  the  two  firft  jnftances.  Confcqucntly  I  ha' 
been  unable  to  add  the  corrtclion  for  the  heat  *hJ. 
UnAcd  by  the  glifs.  Notwithftanding  which 
may  be  fairly  inferred,  that  the  mean  latent  heat  of 
lead  is  about  150°,  a  quantity  certainly  unexpededly 
fmall,  and  which,  in  many  more  experiments  than 
ihofe  related,  I  was  at  pains  ro  examine,  without  being 
able  to  difcover  any  material  inaccuracy.  In  the 
fecond  experiment,  where  a  little  ftcam  was  forme^fj 
I  afcertained  the  quantity  of  water  loft  to  be  fout 
grains.  If  thefe  four  grains  be  fuppofed,  as  in  the 
cafc  of  bifmuth,  to  contain  470°  of  heat,  the  com- 
puted addition  to  the  latent  heat  of  lead  will  be  30^.^, 
making  in  all  a  little  more  than  162°.  This  is  cer- 
tainly a  very  peculiar  and  unexpcdlcd  quality  of 
this  metal. 

The  only  other  Aibftance  which  I  have  fubmittKi 
to  examination,  for  the  purpofc  of  afccrtaining  its  ca- 
loric of  fluidity,  is  fulphur.  The  melting  point  of 
fulphur  is  commonly  ftated,  in  elementary  works,  to 
beat  312°.  But  that  this  is  not  accurate,  any  per- 
fon  may  convince  himfcif,  by  immerfing  a  quantity 
of  fulphur  in  boiling  water,  where  it  remains  alto- 
gether unaltered.  By  every  trial,  which  I  have  been 
able  to  make,  I  am  convinced  ihat  the  fufion  of 
fulphur  takes  place  about  226*,  I  fay  about,  bc- 
caufe  the  communication  of  beat  among  the  particlcf. 
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of  fulphur  is  extremely  flow^  and  the  thermometer 
is  often  incrufted  with  folid  fulphur^  which  fomehow 
or  other^  certainly  cools  below  the  liquid  in  which 
at  is  immerfed.  In  experiments  undertaken  for  afcer* 
taining  this  point,  the  fulphur  ought  to  be  kept  ia 
conftant  motiort.  The  refults  of  my  experiments 
for  finding  the  latent  heat  of  fulphurj  are  flated  in 
the  following  table : 

V 

EXPERIMENTS 
To  ascertain  the  latent  Heat  of  Sulphur^ 


No. 

Latent  Heat. 

Correction. 

Whole  latent 
Heat. 

1 

S 

4 

1440.56 

140»- 
136^. 

8<>. 
7^ 
4*.5 

138*. 

Mean         137^.89 

Mean 

143<>.68 

I 

No  Heam  was  formed  in  thefe  experiments,  con* 
iequently  no  corredion  of  that  kind  is  neceflary  a$ 
in  the  former  inftances.  I  have  here  taken  the  ca» 
pacity  of  fulphur  for  heat  at  .189,  from  fome  pre- 
vious  trials  of  my  own,  which  does  not  differ 
materially  from  Mr.  Kirwan's  determination.  In 
the  other  cafes  I  have  trufted  chiefly  to  the  numbers 
given  by  Dr.  Thomfon,  in  his  Syftem  of  Chemiflry, 
which  1  hope  are  correft.  In  every  inftance  I  have 
(uppofed  the  femi-Iiquid  to  have  the  temperature  of 
the  melting  point,  which  I  believe  is  generally  true ; 
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but  feme  pn^ce  is  tcquired  to  ieize  the  moment 
before  the  frozen  particles  Roat  in  the  fluid  lub- 
(Unce.  In  expcrimeat£  on  fulphur  efpeciallj^,  inat- 
tention to  this  circumdance  caufes  very  great  inac< 
curacy,  and  was  the  caufe  of  confidetable  embari 
ment  to  me  before  I  obfcrvcd  the  fouice  of 
error,  which  I  firft  was  led  to  difcovcr  from 
extraordinary  fmall  number  of  degrees  which  the 
calculation  gave  for  the  latent  heat  in  forae  of  my 
experiments  where  this  precaution  had  been  ne- 
glcdcd. 

I  fhall  now  proceed  to  give  a  comparative  vici^ 
of  the  caloric  of  fluidity  of  all  bodies  hitherto  c; 
mined  for  the  purpofe  of  afcertaining  that  point. 
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TABLB 
OJ  the  latent  Ileal  of  alt  Substanai  liilherto  examinttd. 


i 


Latent  heat  in 

Substance. 

Melting 
poiuL 

»iired  by  Ihe 

Latent  heal 

water. 

Ice 

32" 

ISS'.aSi 

140» 

S|«rmacpti 

113" 

14S" 

4ti'.* 

BwV  MUX 

Its" 

1750 

Sulijhuc 

220- 

M3».8S 

gT'.US 

Till 

4IJ» 

500O 

33" 

Uiimnth 

476" 

J5U» 

^30.65 

Lead 

5940 

lO'i" 

S'.fiOi 

Zinc 

70u» 

4QJ» 

i'6'.3 

In  all    thefe    inftances  the  latent  heat  is  cxprelH 
ed   in    degrees  meafured  by   the  capacity  of  the 


ox    LATENT    ItSAT*  4^5 

jrtlative  (blld,  tfxcdptirig  in  the  cafes  of  fpcrmacctr 
and  of  Kees'  wiax;  whiA  arcin  dcgrfesmeafurcd  by 
the  capacity  dP  the  fluid.     I  endeavoured  to  rdStify 
this  fo  a$  to  make  the  coAiparifbh  more  fair^,  by  de- 
termining-thcf  Q>ecific  heat  of  folid  wax  and  fperma* 
ccti ;  btit'I  Have  ndf  been  able  to  fatisfy  mjrfelf 
with  either  df  tHtfe  p6fnt5,  dtving  to  thfeftfthefi  and* 
canfeqnent'  ablb^fidri  of  latent  hekt^wfiich  a  very* 
low  degree  of  heat  inddies  irt'botK  th'de'  bodies; 
The  namberscxprefling* their' latent  heatsi  are  thcre- 
ftre,  in  all  probability'  foni^whlat  tbo  low. 
.  On  infpedion  of  the"  above  table^  theitJ^'dbek'not^ 
ap^r  any  ratio  by  whidh  the  qdinrit)?' tfTcalirib  of 
fluftlity Teems  to  be  guidtd  j  it  (tbrtjftrify  doci  not' 
increafe  with  the  difBctott^  of  fufiori,  whetfafr   we' 
corinpare  the  number  of  di^ttts  as  meafufed  by  a' 
common  ftandard  aft  the  capacity  of  water;  or  each 
by  the  capacity  of  the  rdative  fdlid  body.    The' 
moft  likely  cbrtjefture isthat  the'quantrty  of  the  la-' 
tent  heat  has  fbme  conheAiorl '  With  thi  propoition^ 
of  the  capacity  of  each  ifubftahee  in  itsr  fo^id  and' 
fluid Itate.    If,  howeve^  this  even  be  fo,  thete'ls  little' 
pliobabilky  of  any  advAhtage'bcing^derived  ffom  the' 
knowledge  of  it.     At  leaft  difljculties,  probably  fbt* " 
ever  infurmounrable,  will  prevent  the  determinatioh  ^ 
of  thefpectfic  heat  of  arty  of  the  fluid  metals  eX« 
cepting  meipcury. 

rhave  thus  endeavoured  to  add  Vny'mite^iro'  the' 
infomu^tibn  formerly  pbii<^edrefi^iHgthi!l1^^^ 
licat  of  bodies  in  general.    The  fiiUiancc^'  now'i 

HU 
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mined  arc,  thofe  which  afford  the  rcadiefi  and  moft 
certain  means  of  aTccnaining  thli  point.  Mofl  of 
the  remaining  metals  melt  at  16  high  a  temperature ; 
that  the  method  of  trial  by  vatcr  would  be  both  dan- 
gerous and  inaccurate.  The  fame  is  true  of  mod 
other  bodies,  as  giafs,  Hone,  &c.  A  few  Aibf^ca 
of  the  refinous  and  greafy  kind  might  indeed  have 
been  added  to  the  lift :  but  bcGdcs  that  the  capacity 
of  the  latter  cannot  be  eafily  determined  in  the  foUd 
ftate ;  the  fomier  become  fo  extremely  vifcous,  by 
the  application  of  heat,  that  their  difrufion  amoi^ft 
vater  would  be  very  dtfScuk,  if  not  impracticablCf 
with  fufficknt  rapidity.  Then  is  one  of  the  mctal^ 
however,  which  fufcs  at  To  low  a  temperature,  that 
the  embarraflments  arife  nwrc  from  the  trouble  of 
procuring  afuBicient  quantity  of  the  metal  in  a  Iblid 
form,  than  from  any  other  caufc.  it  will  be  cftfily 
conje^ured  that  1  allude  to  mercury.  I  had,  at  oite 
time,  hopes  of  being  able  to  add  the  latent  heat  of 
this  body  to  the  number  above  flated.  I  have  been 
unable,  however,  to  do  this,  folely  front  the  warn 
of  an  opfxirtunity  of  freezing  a  proper  quantkj  of 
that  metal.  I  will  now,  however,  defcribe  briefly 
the  manner  in  which  fuch  an  experiment  was  intend- 
cd  to  have  been  conduiftcd  by  me,  in  the  hope  thai 
fome  perfon,  in  more  favourable  circuoifhmccs,  may 
be  induced  to  put  it  into  effect.  A  confiderable 
bulk  of  mercury  Ibould  be  frozen ;  the  latger  this  is 
the  more  probability  woiAd  there  be  of  an  accurate 
rcfult.     The  tempciatuie  of  the  apartment  ought  i» 
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ht  as  low  as  conveniently  it  can  be  made.    The  mer- 
cury ought  to  be  cnclofed  in  a  thin  glafs  veflcrl.— 
There  muft  then  be  provided  another  glafs  veflel, 
with  a  known  weight  of  fluid  mercury  :  into  this  the 
folid  metal  muft  be  fuddenly  plunged^  and  the  new 
temperature  noted  as  in  the  experiment  upon  bid. 
muth.     If  all  or  any  part  of  the  veffel  containing 
the  folid  mercury  (hould  enter  into  the  mixture, 
the  cifedls  of  it,  in  fubtradling  its  Ihare  of  the  caloric, 
might  be  eafily  eftimatcd.     It  would  be  difficult  to 
alcertain  the  precifc  temperaturcof  the  folid  mercury, 
the  rapid  cffcA  of  heat  upon  it  not  allowing  time  for 
fuch  an  obfervation.     But  it  might  be  fafely  taken 
at — 39,  without  danger  of  any  error  exceeding  one 
or  two  degrees  ;  and  confequently  all  the  additional 
d^rees  of  heat  which  it  obtained^  by  mixture  with 
the  fluid  mercury,  are  to  be  confidered  as  being 
meafured  by  the  capacity  of  fluid  mercury.  Whence, 
after  making  the  proper  correftions  for  the  heat  given 
out  or  received  by  the  air  and  veflels,  the  latent  heat 
of  mercury  is  expreflTcd  by  the  difference  between 
the  nurtiber  of  degrees  by  which  the  folid  is  raifed 
in  temperature,    and  the  number  which  an  equal 
weight  of  the  fluid  would  have  been  deprefled  :  the 
latent  heat,  in  this  cafe  would,  as  in  thofeoffperma- 
cfti  and  bees'  wax,  be  in  degrees  meafured  by  the  ca- 
pacity of  the  relative  fluid. 

In  the  Philofophical  Tranfadions  of  London,  for 
'I804,  there  is  an  extremely  ingenious  and  interefting 
paper,  by  Mr.  Gr^ory  Watt,  upon  the  regulated  ' 
refrigeration   of  melted  bafalt.     That  gentleman, 
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among  various  obfervations,  which  do  not  relate  to 
our  prefent  fubjedt,  rcmarU,  that  the  la/jpc  mafs  of 
bafalt.  which  he  fufed  in  a  furnace  where  iron  wai 
commonly  melted,  was  faid>  by  the  workmen,  to 
require  only  about  one  half  of  the  quantity  of  fuel  for 
its  fufion  than  an  equal  weight  of  iron  would  have 
done.  Now  it  feems  to  me  not  impofTible  to  draw 
feme  conclufions  from  thefe  fads,  which  may  give 
us  a  little  information  regarding  the  latent  heat  of 
iron  and  bafak.  In  the  firft  place,  it  muft  be  fup- 
pofed,  that  the  quantities  of  heat  produced  and  en- 
tering into  thefe  bodies,  arc  ro  each  other  as  the  quan- 
tities of  fuel  confumed.  That  is,  if  a  weight  of 
fuel  rcprefented  by  2,  produces  an  elevation  of 
temperature  in  the  body  immcrfed  in  it  as  iqp  ,-  double 
the  weight  would  produte  double  th?  rife.  This  is 
probably  not  exadly  corre^,  but  there  feems  reafon 
to  believe  that  it  approaches  to  the  truth :  and  there- 
fore, that  whatever  quantity  of  caloric  enters  into 
iron  during  its  fufion,  in  Mr.  Watt's  furnace, 
only  one-half  of  that  enters  into  an  equal  weight  of 
bafalt,  fufed  under  fimilar  circumftances.  This  is 
not  to  be  confidered  as  applying  to  tempenturcs. 
which  conltfl  of  d^rees  of  various  value  j .  but  to 
the  abfolute  heat,  according  to  Dr.  Irvine's  exprcf- 
lion.  If  thenaqu^ity  of  caloric,  as  i,  has  enter- 
ed into  the  bafalt,  which  has  been  fufficienc  to  fufe 
that  fubftance,  and  to  raife  its  temperature  Co  90°  of 
Wedgwood,  which  is  its  melting  point,  and  pro- 
bably little  or  nothing  higher  ;  and  a  quancicy  of  ca- 
loric, as  2,  has  entered  inCQ  an  equal  weight  of  iroi^ 
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and  proved  fuflicient  to  fufe  it^  and  to  ralfe  its  tern- 
per^ture  to  158"^  of  Wedgwood,  at  which  degree  it 
melts :  how  are  we  to  proceed  to  difcovcr  what  por. 
tion  of  caloric  has  in  thefe  inftances  lervcd  to  raifc 
the  temperature  merely,  and  what  has  entered  into 
thefe  bodies  as  latent  heat  ?  The  capacity  of  iron  for 
heat  is  by  all  experiments  about  .12  ;  the  capacity 
of  bafalt,  as  far  as  I  know,  has  not  been  examined. 
Had  I  been  able  to  procure  a  fpecimen  of  the  Row- 
ley Ragg,  upon  which  Mr.  Watt's  experiments  were 
made,  I  fhould  have  taken  care  to  afcertain  that  point* 
3ut  though  we  are  not  in  pofTeflion  of  the  precife 
number  exprefling  the  (pecific  heat  of  bafalt,  we  are 
not  wholly  without  flrong  analogies  to  guide  us  to  a 
probable  approximation.  Bafalt  is,  by  fulion,  con- 
verted into  a  glafs.  Now,  if  any  table  of  the  capa- 
cities  of  bodies  be  infpefted,  it  will  be  obferved,  that 
the  capacities  of  the  various  kinds  of  glafs  do  not 
take  an  extenfive  range,  but  approach  nearly  to  one 
another.  For  the  fake  of  illudration,  I  fubjoin  a 
table^  affording  a  comparative  view  of  the  different 
determinations  of  this  point :— 


GLASt. 

CAPACITY. 

AUTHons. 

Crystal     •     •     . 
Swedbh  Glass    . 
Flibt  Glass     .    . 
Crown  Glass 
Green  Bottle  Glass 

.1929 

.1933 

.174 

.200 

.173 

Lavoisier 
Wilcke 
Kirwan 
irfine 

Author 

Mean  .... 

.187 
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I  to  a  s  or  that  twice  as  much  heat  has  entered  the 
iron  as  has  entered  the  bafiUt :  the  temperatures  pro* 
duced,  however^  are  onljr  as  147  to  166^  or  as 
fbmething  more  than  7  to  9.  Only  t wcMevenths  more 
of  caloric  appear  to  have  gone  to  raife  the  tempera* 
ture  of  the  iron,  than  to  raife  that  of  the  bafalt^  al-* 
though  double  the  quantity  of  caloric  has  been  ex* 
pended.  From  which  it  ought  to  follow^  that  the 
latent  heat  of  bafalt  is  what  would  remain  after  fub* 
trading  147^  from  a  quantity  of  caloric  as  one; 
and  the  latent  heat  of  iron  is  what  would  remain 
after  fubtratSing  166^  from  a  quantity  of  caloric  as 
two.  Therefore,  let  the  quantity  of  heat  produced 
by  the  fuel  employed  to  fufe  the  bafalt^  be  exprefl^ 
cd  by  SCO* :  if  any  other  number  fuit  the  fancy  of 
the  reader  better,  he  can  make  the  fubflitution  for 
himfelf,  and  the  refult  will  be  the  fame.  Let  then 
that  quantity  of  heat  be  called  200^  :  it  is  obvious, 
that  the  heat  produced  by  the  fuel  employed  to  melt 
the  iron  muft  be  called  the  double  of  that  number^ 
or  400^.  From  the  aoo*  fubtra<9:  the  147^  of  tern* 
perature  received  by  the  bafalt,  and  there  remains 
63^  which  cannot  be  aceounted  for  by  the  mere 
heating  of  the  balalt,  and  mufl  therefore  be  its  latent 
heat.  In  the  fame  manner,  from  the  400%  take  the 
i€6^  of  temperature  received  by  the  iron,  and  there 
remains  334''  for  the  latent  heat  of  iron.  It  is  true, 
our  prefent  argument  does  not  go  fo  far  as  to  prove 
that  thefe  are  the  adhial  numbers  exprefling  the  latent 
heat  of  thcfe  futrffauices :  but  it  rendecs  it  probable^ 
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thai  the  latent  tie^c  of  bafatc  is,  to  :thac  of  icon«  in 
^hc  proportion  of  63°  to  234.°. 

If  this  [caroniiig  be  adn^lted  as  corre&,  it  mighl 
be  poflibie  todelcrmijic,  by  .experiment,  the  propor- 
tions which  ;he  latent  hcau  of  various  other  bodjies 
Ijcar  loeaqh  other.  All  tliac  would  be  neceflaryfor 
this  puipofe  would  b  a  low  the  melting  points 
of  ihefe  fubtlances,  the  quantity  of  fuel  which 

■was  necefiary  to  convert  them  into  fluids,  together 
vith  their  fpccihc  heats.  Th^e  things  being  afccr- 
tained,  we  might  proceed  fomcwhat  in  the  manner 
<?f  which  the  above  is  a  fpecitpen.  By  operating  on 
yeiy  large  quantities  of  the  body  examined,  the 
chances  of  inaccuracy  would  be  materially  diminifli- 
cd !  ap4  though  in  this  way,  it  is  clear  that  we  oevei 
could  le^ri^  the  prccife  quantity  of  the  laretic  iie^t  of 
fpy  W^y>  ^.ut  only  the  r^ijcio  in  which  one  number 
ftands  to  anpther  1  yet,  it  is  not  impoflible,  that 
^eans  ipjght  be  found  to  c^nnf^  this  chain  of  ration 
wiih  aiipt^er  chain,  of  which  not  otily  the  ratios,  but 
the  quantities  were  known.  This  m^ht  be  done  if 
the  latent  heat  of  any  one  body,  of  which  the  ratit^ 
could  be  determined  by  tb«  EFiethodjuft  Q^tqi,  could 
be  foup<4  precifely,  cither  by  its  coipinixture  wit^ 
water,  or  ^ith  any  other  fubfl»^f:e>  (up^  ^  >P^'^9^^* 
which  might  be  more  cojiYenient.  'fUe  latent  tieat 
pf  the  fell  might  t)ien  be  difppyei:^  by  a  Cui^ip  rulf 
«f  arithtnctic,. 

It  k  probable  that  th<c  Oflpriiiieter  might  ^papglie^ 
tQ  ttip  de($rn:)ini^ioq  (^  Jatqit  its9f%  ia  ^^^  wfac? 
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the  ordinary  plan  could  not  be  employed :  at  lead,  it 
feems  poflible  to  enclofe  in  a  veiTel^  of  which  the  fpe- 
cific  heat  is  known^  a  determined  quantity  of  any 
body  in  a  (late  of  fufion.  It  is  unneceflary  to  de- 
fcribe  any  further  the  method  of  proceeding  in  this 
cafe,  which  muft1)e  obvious  to  any  perfon  convcrf- 
ant  on  theie  topics.  Perhaps  the  obje6lions  againft 
the  accuracy  of  the  calorimeter  would  not  be  fo 

forcible,  in  fuch  circumftances,  as  they  have  been 

fuppofed  to  be  in  many  other  cafes. 
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ESSAY  II. 


ON  THE  AFFECTIONS  OF  SULPHUR  triTO, 

CALORIC. 


Sulphur  has  been  an  obje&  of  attention  to  chf 
chemifts  from  a  very  early  period.  They  have  ex- 
amined it  in  various  ways,  and  fubjeded  it  to  the 
ordeal  of  innumerable  experiments^  by  meansof  which 
they  have  fucceeded  in  making  many  dilcoveries 
regarding  its  qualities^  not  lefs  ufeful  in  the  fcience 
of  chemiftry,  than  in  the  pradlice  of  the  arts«  In 
one  refped^  however^  lefs  progrefs  has  been  made 
than  might  have  been  expeded.  The  afTe^ions  of 
fulphur,  by  caloric,  have  not  been  to  much  attend* 
cd  to,  nor  have  experiments  on  the  operation  of  heat 
upon  it  been  fp  numerous  or  frequent  as  the  import- 
ance  and  fomiliarity  of  the  objed  feem  to  have  de- 
manded.  If  we  except  Mr.  Kirwan*s  det^rmina* 
tion  of  the  fpecific  heat  of  this  body^  fcaicely  any 
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Other  obfcrTation  has  been  made  at  once  with  the 
merit  of  accuracy  and  utility.  I  do  not  mean  to  fajr 
thai  fio  obfcrTaiioRs  .it  all  have  been  nude,  or  that 
thorc  have  been  wholly  dcftttutc  of  claims  to  praifc; 
but  that  le&  has  been  done  in  this  way  than  on  many 
other  fubjcd!<.  and  that  room  is  Hill  left  for  addi- 
tional remarks. 

SuIjAur,  at  the  ordinary  tempcranirc  of  the  at-- 
mofphere,  is  aU-ays  a  folid,  brittle,  hard  body,  which 
expands  tai»d)y  and  unequally  when  heated,  owing 
to  its  being  an  extremely  .indiflercnt  conduflor  of 
caloric  I  (o  that  the  external  parts  expand  more 
quickly  than  the  internal,  and  are  thus  forced  to  1 
reparation.  Cold,  as  far  as  is  known,  produces  no 
remarkable  efFcifl  upon  this  body.  When  fubjeiTtcd 
to  fri<2ion  it  accumulates  on  its  furface  a  large  quan- 
tity of  electric  maner  ;  confcquenlly  it  is  a  non-con- 
dudor  of  that  Ruid,  Gnce  it  is  impoflibte  to  colled 
eleAricity  on  a  body  that  freely  difpctfes  |It  in  evei^ 
dimibon.  The  differences  between  folid  and  fluM 
fulphur  in  their  relations  with  the  eleiflric  fluid,  art 
not  well  underftood.  A  fpark  can  certainly,  as  t 
have  found,  be  drawn  through  fluid  fulphur,  whicll 
is  then  thrown  into  Tiolent  agitation  :  but  it  may  b6 
doubted  whether  it  paflcs  throi^  the  fubftance  ^ 
the  fulphur  ormerely  forces  the  particles  out  of  At 
way:  the  fubjedl  is  worthy  of  hirthcr  inveftigatii 
The  non-condu<Sing  power  of  ice,  contrafted  wi^ 
the  oppofite  quality  of  water,  is  cxtRmdy  rCirurlS 
able  in  a  chemical  poi:it  of  view.  ;•  -'  - »"  "" 
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The  fpecifk:  hereof  fu)phurr^  according  to  my  ex«^ 
periments^  is  .i  89.  which  doeg  not  differ  much  from 
Mr.  Kirwan's  determination^  and  may  bft<:onfideftdl. 
a^  confirming  the  accuracy  of  his  obfervation.     The 
melting  point  of  this  body  I.  have  found  rather  higher 
than  it  is  ufually  eftimated^  and  to  be  at  276^  near.- 
ly  •     In  making  this  experiment^  the  thermometer  it? 
apt  to  be  encrufled  with  folid  fulphur,   in  confer 
quence  of  which  the  miercury  falls  lower  tt^  itoug^ 
to  do,  but  that  may  be  prevented  fimply  by  keeping, 
the  thermometer  in  conftant  motion. 

Sulphur,  in  all  probability,  changes  its  capacitfy 
for  heat  fuddenly  during  fufion  :  at  lead  it  remaiiiB* 
hard  nearly  to  the  very  lad,  and  flows  into  an  ex- 
tremely thin  liquid.     It  may  be  frozen  and  melted: 
repeatedly,  without  any  alteration  in  its  pfopertieii^ 
If  the  application  of  heat  be  continued  for  fome  time^. 
a  very  lingular  change  takes  place  in  the  appearancer 
of  the  fulphur :  inftead,  like  other  bodies,  of  con«- 
tinuing  to  become  thinner  and  thinner  by  the  itUm . 
creafe  of  temperature,  and  at  laft  being  converted! 
into  an  aeriform  fluid,  this  fubdancc  grows  very} 
thick  and  tehacious  ;  and  though  its  folidity  ctnnocr 
bereftored  in  this  manner,  the  cohefion  between  iUk 
particles  is  very  greatly  augmented.    It  is  allbtedc 
c^t  no  chemical  alteration  of  the  body  is  eflfcifled  hj 
this  proceis:  no  oxygen,  or  very  little,  is  faid  'to» 
have  been  ablbrbed ;  and  the  fulphur,  after  under^. 
going  the  thickeniogi  produces  nearljr  the  fame* 
qijwaUty^  of  fylphujoc  acid. as  iKfytg^^.  Its  cdoiu^ 
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an exptnfion.    Water  alfo^  from  310^  Fahrenheit,* 
to  40^1  has  been  aflertcd  to  contraA  as  its  tempera-- ' 
ture  rifes.     There  has  been,  efpecialljr  of  hite,  fame ' 
difpute  upon  this  fubjed,  which  has  become  of  more 
importance  fince  it  has  interfered  in  the  evidence  oi 
Count  Rumford's  ingenious  opinion  regarding  the 
tranfmiffion  of  heat  through  fluids.    It  feems  pro-. 
bable  that  we  fltouid  have  fome  chance  of  deciding 
the  hiSt  of  the  ezpanfion  or  contridioa  of  water  inu 
mediately  after  fufion,  by  examining  its  fpecific 
gravity.     I  propofe  to  try  this  as  foon  as  I  (hail  have 
a  proper  opportunity  and  apparatus.    In  this  man^ 
ner,  at  leaft,  very  fmali  variations  of  denfity  may  be 
deteded. 

It  became  an  objed  of  finne  curiofity,  to  leam 
whether  this  thickening  of  fulphur  is  accompanied 
by  an  expanfion  or  contradion  of  its  volume*  I  ex- 
amined .this  point  by  filling  an  ounce  phial  complete- 
ly ta  the  very  brim  with  melted  fulphur :  I  then  ap- 
plied heat  till  the  temperature  was  about  400^  and  ■, 
the  fulphur  very  thick  and  tenacious,  and  emitting 
a  little  vapour.  The  procefs  of  coolii^  was  then 
carefully  obferved,  and  it  was  remarked  that  a  fteady 
cootradion  of  the  fluid  enfued  till  it  arrived  at  the 
tea4)eracure  of  226%  at  which  point  it  b^an  to  ex- ' 
pand,  and  diruft  upwards  a  laige  nipplc4ike  projec- 
tion. The  fum  of  the  contradion,  from  400''  to 
^26%  amounted,  as  I  computed,  to  an  eighteenth, 
part  of  the  volume  of  the  fulphur  at  400^,  and  to  a  * 
(evemeetth  pan  of  its  volume  when  fluid  at  2%6f'ir^ . 
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The  cx|»nnon,  during  frcnli^  mtf  left  accurstdf 
briskm  at  oobfomcih  of  the  ma&  of  fluid  fulphur. 
Tbde  thii^  bong  admincd,  it  ot^fai  to  follow  that 
apkec  of  folid  fulphur,  it  3i6%  ibouk)  f«im  in 
Huidiulphur  It  the  (June  point :  but  this  does  not 
bappcD  if  the  tcmpenmiTe  of  the  Iblid  ii  confidcr- 
abtf  bctovtfae  point  offufion.  Thisnay  be  accounted 
forbf  fisppotfii^,  whacis  odienriie  attrmdf  pro- 
biUe,  dat  foW  fulpfattr  espuidi  npidlr  bjr  beat. 
aod  coafeqaeniiir  ceaawdi  equally  rapidly  bj  cold  : 
foriiat  X  a  certain  nuobcr  of  degrees  bdow  726^^ 
ia  fpecificgiBvity  becvniB  oqiul  to  ibat  of  in  cor- 
TC^uudii^  fioid,  aad  ai  ertrf  deg^^c  of  hen  tower, 
than  that  it  muft  incritably  fink  till  its  tcmperamre 
isdsly  raifird.  Some  pieces  of  cold  folplnr,  which 
1  dwew  iaco  the  (aioc  TubAance,  mdttd,  lack  gra- 
<knHT,  aad  were  alinoft  itmnriiagdy  tidied,  that  is 
rs£iy,  the  fb6oe  toed:  pbce  at  tiic  fdr&cc  bcfotethe 
fidptmr,  which  is  a  vciy  bid  cooduchn-  aS  hei^ 
cvold  xccciire  cnou^  to  be  eipmda^  l«  at  I 
ttt'^  fluid. 

It  w«i  fomeriy  obfemd  br  mf  fiuher,  tibtt  n 
fptreiactti  ami  wct  cooM  ia  fiicfa  a  ■: 
reader  it  probable  chat  dKf  pasted  with  1 
heK  gndotlty.  I  thought  it  worth  while  to  tiyiadK' 
cafeoTmehcd  and  thickened  fulphur,  wtmberasf 
thuigCTMldbeiewfked  that  ihonid  iodicaicachaiy 
ofthecafMcinraf  tfatt  bodf  for  heat.  With  ^ 
view  I  made  fevcnl^  ctpcnUKHtSt  nf' ' 
faOovlkeRMtt. 
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EXPERIMENTS 


On  the  OooUng  of  melted  Suiphur. 
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TV  quantity  of  fulplior  employed  in  thefc  crpc- 
J  'iiinents  varied  coofidcrably  in  the  difTertix  ialbnoa 
iVrom  two  ounces  n>  fix.     There  cvidoKlf  >ppcv 
«  coofidcraWe  imgulaririCT  ia  the  prognfi  of  cooling, 
which  muft  be  attributed  to  cnnmts  of  air  itiv- 
paffible  to  be  pre\enird  at  fuch  high  lempciatures. 
In  fuch  cafes  it  is  very  difficult  to  draw  unobioc- 
'tlonable  conclufiORs.     But  frocn  an  tnfpeiftion  of  the 
abo\T  uble^  it  appears  thai  foine  reardatton  tn  the 
progrefs  of  rrfrigerarion  took  place  about  the  icm- 
peratureof  350%  a  little  above,  and  a  Utile  bdow, 
from  nhich  it  ought  to  follow,  that  near  that  poini 
fome  enlargement  of  the  fpccific  heat   muft  hav« 
occurred,  Gnce  no  other  cauTe  would  account  for  the 
rciaidaCfon  at  the  lame  poinc,  in  all  the  experi- 
ments related. 

The  thickening  of  fulphur  by  Ae  applkaticm  of 
caloric,  is  curious  in  another  point  of  view,  when 
we  confider  the  procefs  by  which  bodies  arc  con- 
vened from  the  folid  to  the  flaid  ftatc,  and  from 
that  to  the  vaporous,  as  well  the  general  expand- 
ii^  and  lique^'ing  property  of  this  principle.  It 
appears  pretty  evidently  that  a  folid  body  difiers 
chiefly  from  its  correfponding  fluid  in  the  difRculry 
or  impoOibility  of  moving  its  parriclcs  upon  each 
other.  The  particles  of  the  Buid,  on  the  conirarj> 
move  over  each  other  with  the  utmoft  frcedoru.  Now 
to  comtrt  a  folid  as  ice  or  fulphur  into  the  liquid 
jTorm,  it  might  feetn  likdy,  at  firft   fight,  that    thp 
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caloric,  entering  the  folid,  by  its  expanHvc  and  re« 
pellidg  powers,  deftroycd  the  cohefion  between  tbc 
particles,  and  pennicted  ihcm  to  flide  fmoothly  and 
etilily  over  each  other,  or,  in  other  words,  made  a 
iluid  of  it.  But  though  this  explanation  does  not  lie 
open  to  many  objc^ions  in  the  cafe  of  thofc  bodies 
which  expand  during  fufion,  that  is  not  the  cafe 
Vherc  a  contrat^tion  takes  place  during  that  proccfs, 
M  happens  in  the  irvRances  of  ice  and  fulphur.  It 
is  clear  that  caloric  cannot  produce  liquefaiflion  in 
ihefe  fubftances  folcty  by  deftroytng  cohefion,  fincc> 
as  far  as  we  know,  cohefion  increafes  as  the  diftancc* 
diminiflt,  in  a  ratio  not  afcertainablc.  Therefore 
no  contra(flion  of  any  body  can  poflibly  caufe  its 
particles  to  have  lefa  attradion  for  each  other.  Of 
confequence,  ice,  which  contrafls  during  fufion,  could 
never  be  melted  by  he^t,  if  heat  produced  no  other 
etfe£l  on  ic  ttwnvtp>,4i9ii|ui)i  the  cohefion  of  its 
particles.    :■'.■.>.■.[        :■ 

Inorder  to  folve  this  difficulty,  recourfe  has  been  had 
to  another  principle,  better  adapted  for  tbepurpofe. 
Jt  has  been  fatd  that  the  particles  of  ice  have  a  certain 
degree  of  polarity,  a  difpofition  to  affumc  a  peculiar 
fituition.  in  faS;  that  th^y  have  a  fpecificpower  of 
adhering  to  each  other  by  their  ends  or  otherwife,  and 
this  in  allufion  tx>  the  well-known  and  ftriking  fa<3s 
of  magnccifm,  has  been  called  their  polarity.  |t 
cannot,  however,  be  likt;  the  magnetic  polarity,  u 
faraj  we  know,  .in..aU,xfi(p^^,,  ,.fc  js,  (loi  cer^jp. 
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nor  iirea  probable,  ihaC  thcfc  particle*' 
ih^mfctvcs  in  nny  way  rclbtu'c  in  the  poficia 
the  poles  of  the  cafth.  All  that  'is 
be  conve)^d  by  this  expreflion  is,  thkt'  the  \ 
ticks  of  foFid  bodies  do  nor  fimply  adhere,  bot-l 
here  with  a  much  greater  force  at  one  point  i 
kt  iny  other.  Caloric,  therefor*',  by  dcftroyingd 
polarity,  may  cfltil  a  comprc(?ion  of  the  bulk^ 
a  fufing  body,  the  particles  no  longer  refuting^ 
bccupy  the  interfticial  fpacts.  All  Tulid  rubftai 
hctwcver,  do  not  iihdei^o  the  fame  proceft  wif 
'expofcd  to  theaflion  of  heat.  Many  of  thefe,  It  te 
well  known,  do  not  contraA  when  melted,  and,  con- 
fcquently,  either  have  no  polarity  of  particles  to  be 
dcftroyed,  or  their  polarity  is  fach  that  the  particles 
adhere  together  prccifely  in  the  manner  in  which 
they  occupy  the  leaft  room.  We  are  very  far  from 
undcrftanding  what  is  the  nature  of  this  polarity, 
whether  all  bodies  pofTefs  it,  what  relation  it  \ 
the  general  properties  of  matter,  or  what  to  the  J 
cutlar  phenomena  of  magnctifm.  Thefc  inquUl 
are,  however,  not  only  very  curious  in  their  i 
nature,' but  are  likely  to  throw  confiderable  light' 

'the  operations  of  chemiftry  when  they  ihall  rccerife  . 

'a  fatisfaiflory  inveftigation. 
'    The  phenomena  of  melted  fulphur  which  Icduj 
ihefe  obfervations  arealfo  to  be  confidrred  as  Oic 

'  ing  the  exiftence  of  this  qualitj-,  which  is  nan 
polarity,  in  a  lituation  where  it  ha^  not  before  been 
remarked.    If  we  arc  right  in  concluding  tlte  thick. 
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ening  of  fulphur  to  be  purely  an  efFcd  of  caloric, 
and  an  effed):  unaccompanied  by  any  contraiftion  of 
bulk,  but,  on  the  contrary,  by  an  expanfion,  it  muft 
be  ranked  in  the  (amc  place  with  the  freezing  of 
this  body  which,  as[  wc  have  (hewn,  is  aifo  accom*- 
fMDied  by  an  cxpanfiork,  and  a  polarity  of  part  idea*. 
14ow  furely  it  i^  a  very  furpriting  thing  that  at  the 
melting  pointy  226"",  caloric  (hould  have  the,  poivqr 
iof  deftroying  the  px)larity  which  caufes  the  folidity 
<of  fulphur,  but  that  the  addition  of  ninety-four  dc^ 
grees  of  caloric,  fo  far  from  confirming  the  fluidity, 
ihould  adlually  appear  to  rcftore  the  polarity  of  the 
particles  of  this  body,  at  lead  in  a  certain  degree.  Ic 
appears  very  difficult  to  reconcile  thefe  phenomena 
with  each  other.  The  caloric  4<^s  apparently  in  two 
manners  diredjy  contrary,  and  if  wc  allow  the  polarity 
of  folidity  to  be  deftroyed  by  heat,  it  uiil  be  hard  tp 
explain  how  the  polarity  of  incralTation  fliould  arife 
from  the  fame  caufe.  I  do  not  pretend,  at  prdcnt, 
to  be  able  to  give  a  fatisladlory  elucidation  of  this 
difficulty,  which  fcems  to  me  to  be  very  little  con- 
fident with  fome  parts  of  the  mod  generally  received 
theories  of  caloric.  The  rood  natural  inference  that 
occurs  to.  me  is,  either  that  both  forts  of  polarity 
have  their  origin  from  another  caufe  than  caloric, 
or  at  lead  that  in  one  of  the  indances  another  agent 
may  be  fufpc&ed.  We  are  expofed  to  many  diffi- 
.cutties  in  arguments  of  fo  complex  a  kind  as  the 
.  prelcnt,  and  conjedlures  ought  not  to  be  admitted 
without  very  folid  grounds.     But  it  is  fcarcely  pof- 
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iibtc  (a  imagine  the  tnicrfercTKe  of  any  other  uiflu* 
tact  in  the  denniAion  or  fufpcnQon  of  polarity, 
excepting  that  of  the  electrical  matter.  But  be6de> 
this,  there  arc  at  any  rate»  conftderabic  rcajbns  for 
believing  that  elc^rkJty  anally  exifts  as  a  compos 
nrnt  part  of  many  and  probably  of  alt  bodies.  The 
quamiries  of  it  in  different  bodies  cannot  be  doubtol 
to  vary,  and  fince  we  well  know  that  thccondut^ng 
powereof  fubftances  differ  from  each  other,  fo  in 
all  likelihtXKJ  do  their  capacities  or  fpccific  etedri- 
ciliea.  The  phctiomciia  of  galvanifm  fupport  the 
fame  opinions.  If  then  bodies  contain  the  elcdric 
fluid  as  one  of  their  component  parts,  it  is  not  Co 
be  fuppofcd  that  they  will  pafs  from  die  folid  to  the 
fluid  Date  without  feme  effcd  being  produced  upon 
their  clc<5lriciiy.  In  the  cafe  of  ice,  n-e  know  that 
ice  is  a  non^condudior,  but  that  water  is  a  tolerable 
conductor.  Sulphur  alfo  is  a  notuconduftor,  and 
liquid  fulphur  conduds  ill ;  it  does  not,  however. 
wholly  rcfufe  a  paflagc  to  theeIc<Sric  fpark,  though 
the  difficulty  jsconfiderable.  Ice  therefore,  itb  not 
improbable,  receives  during  its  fufion  a  quantity  of 
elciflricity,  which  may  deftroy  the  polarity  of  its 
particles  and  contribute  to  the  formation  of  water, 
and  in  the  fame  manner  fulphur  during  in  fufion. 
If  this  were  a  juft  account  of  the  matter,  either  of 
thcfc  bodies  being  raifed  to  a  high  temperature,  and 
having  at  the  fame  time  their  capacity  for  tlc»aricitjr 
diminifhed,  would  immediately  become  thicker,  the 
aiitipolar  influence  being  in  part  removed  ;  this  we 
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fee  happens  in  the  inftance  of  fulphur.  I  do  not  mean 
to  ofier  thcfe  remarks  as  any  more  than  conjectures 
of  which  the  truth  is  very  uncertain,  and  very  diffi- 
culty referable  to  experiment. 

The  capacities  of  bodies  for  eledricity  cannot  be 
exa<5lly  found>  for  want  of  an  accurate  eledtromcter, 
which  fhould  be  as  good  a  meafure  ofeledricity  as, 
the  thermometer  is  of  heat.  But  fomething  might  be 
done  in  this  way;  by  having  a  flandard  Leyden 
phial  charged,  fo  as  to  produce  a  certain  effed  on 
the  eledh'omeierj  and  difcharging  it  into  another 
phial  filled  with  the  body  of  which  the  capacity  is 
required,  fome  idea  might  be  obtained  of  the  quan- 
tity of  elcdricity  neceflary  to  abftrad  from  the 
chained  phial  to  ellablifh  an  equilibrium  with  the 
other.  And  this  quantity,  which  would,  probably 
vary  according  to  the  body  examined,  would,  if  equal 
weights  or  bulks  were  ufed,  give  at  lead  the  order  in 
which  fubftances  fhould  be  arranged  ;  many  precau*- 
tions  would  of  courfe  be  required  to  obtain  even  a 
iinall  degree  of  acuracy  of  refult  in  fuch  experi- 
ments. One  obfervation^  however,  has  been  made 
upon  metals  fufed  by  eledricity.  They  do  npt  un- 
dergo real  fufion,  but  the  polarity  of  their  particles 
is  deflroyed  without  the  neceflary  quantity  of  heat 
being  prefent  to  retain  them  in  fufion,  and  the 
whole  is  converted  into  a  powdery  mafs,  where  pror 
bably  (bme  particles  are  difengaged  and  fome  imperr 
fcdly  joined  to  thofe  nearefl  to  them.  1  was  unabl^ 
to  fufc  ice  in  this  manner^  but  a  piece  of  that  bc(ly 
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held  to  the  conduAor  of  an  dctfirical  irachTK  1 
motion  fccmed  to  mch  farter  than  it  othenrift  wouU 
have  done. 

If  thU  view  of  the  aflion  of  the  eletSric  matter  r 
dcftroytngihcpohrity  of  the  particles  of  foird  I 
Here  veil  founded,  feme  confet^uenccs  would  follow 
which  inight  be  rtaddy  fubmincd  to  the  tcft  of  c 
pcrimcnt.     Water,  as  has    been  formerly  <rf)fcr^-cd 
in  the  firft  part  o\  thcfc  EfTaj  a.  can  be  cooled  below 
its  ordinary  freezing  point  for  a  nurober  of  degrees  >| 
without  lofing  itsiluid  form.     T1*c  rcafon  of  this  ad 
far  from  being  well  umicrnood :  and  much  Icfs  cait  i 
an;  account  be  given  of  the  fudden  confolidation 
of  water  Co  cooled,  by    being  touched  or  flightljr 
^tatcd.     The  fame  things  arc  true  of  the  foluiton^ 
of  falls  which  cryl^llize  by  timilar  treamicnt.     If  J 
the  eledric  fluid  interfere  in  the  manner  we  havCj 
fuppofcd  in  the  procefs  of  fufion,  the  revcrfe  of  thai 
operation  ought  to  occur  in  that  of  freezing.     ThaC^ 
is,  a  quantity  of  eleiflricity  ought  to  be  difcharged;^ 
This,    however,    may  be  fuppofed  to    require  ihi 
help  of  fome  conducting  body  to  carif'  it  off  readily;  J 
But  if  water  be  tnclofcd  in  glafs,  or  at  moft  hav«  J 
contaft  with  no  other  fubftance  but  one  flraiumof  4 
thcatmofphcric air,  this  facility  may  not  beaffijnkd. 
and  the   water  may  (Wl  remain  fluid.     Agitation, 
however,  or  the  touch  of  any  folid  fubftance  may 
remove  the  obftmction  and  convert  the  water  into 
ice.    There  mufl  be  foroc  limit,  however,  to  this  , 
procefs,  and  water  probably  cannoC  be  retained  in  k.i 
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IWtt  of  fluidity  even  in  the  moft  perfcca  ftatcof 
reft,  below  fome  determinate  point.  But  if  eledlii* 
city  have  any  (hare  in  the  produdion  of  fluidity,  it 
is  not  unlikely  that  water  ftrongly  eleftrified  might 
ht  cooled  Gonfiderably  lower  than  it  has  hithelto 
been.  Unknown  circumftances,  however,  might 
undoubtedly  confpire  to  prevent  this  efFedt.  It 
night  be  worth  while  alfo  to  learn  whether  water 
contained  in  a  metal  veflel  communicating  with 
tht  ^rth  could  be  cooled  equally  with  the  fame 
fubftaace  in  a  glafi  veflel.  Some  of  thefe  points 
I  intend  to  take  the  opportunity  of  the  enfuing 
winter  to  examine  when  the  ftate  of  the  weather 
ihall  be  convenient  for  fuch  experiments. 

Since  writing  thefe  obfervations  1  have  learned 
that  Mr.  Cavallo,  in  his  Treatife  on  Ele<ftricity,  has 
fome  remarks  on  the  eledlrical  properties  of  bodies 
which  are  applicable  in  the  prefent  argument.    It 
has,  I  find,  been  already  determined  by  experiments 
long  ago  made,  that  common  rofin  which  whea 
falid  is  an  eledtric,  becomes  after  fulisn  a  condudlor ' 
of  eledricity.     It  will  be  recolleded  that  this  was 
one  of  the  bodies  which  were  placed  by  me  on  the 
conduAor  of  a  large  machine  and  through  which 
iparks  were  drawn.     It  affords  me  pleafure  to  ob- 
ferve  that  my  experfments  coincide  with  thofeof  more 
experienced  eledtridans,  and  I  am  very  certain  that 
the  other  fubftances,  fulphur,  fpermaceti,  and  wax, 
the   conducing  powers  of  which  were  examined 
in    their    fluid    fl:ate,    were    all  of  them  at  leaft 
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equal  in  this  refpetH:  to  the  rofin,  and  ihc  Ail^Aar 
efpecially  confiderably  fuperior.  Whether  the  ac- 
count here  fuggeflrd  of  the  method  in  which  fufion 
is  efFc(9:cd  has  any  foundation  or  not  is  ccitabljr 
verjr  doubtful.  I  am  far  from  attributing  to  k 
any  confiderable  degree  of  probability,  and  am 
fcnfible  that  it  can  as  yet  only  claim  admifTion 
into  the  lift  of  conjeiftures.  Aiguments  on  topics: 
of  fo  abftrufe  a  nature  arc  always  conducted 
with  difHcuIty,  and  never  without  danger  of 
error.  But  however  this  point  may  be  deter- 
mined,  I  can  revert  with  more  confidence  to  my 
original  propofition,  that  in  the  proceiTes  of  the  fufiofi. 
and  incniftation  of  fulphur  fome  other  agent  than 
caloric  is  moft  probably  engaged.  And,  this  is 
equally  true,  -chough  we  may  be  unabte  to  dcte^fe 
the  prefence  or  explain  the  properties  of  thacagent, 
^ough  our  fpeculations  upon  the  interference  of  tho- 
eledrical  fluid  naay  prove  deftitute^of  founduicm* 
and  though  we  may  be  compelled  to  imagine  f<Hno 
undifcovcred  property  of  matter  to  a£t  tbispul^ 
to  perform  which  caloric  alone  is  not  adequate. 
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